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NOTICE. 


The following Catalogue of the Bock Specimezijs, 
by Professor Ramsay, the Local Director of the (leo- 
logical Survey, and his associates, is the first of a 
series now in preparation, to illustrate the several 
branches of science which are taught in the Govern- 
ment School of Mines. 

Whilst the popular Descriptive Guide to the whole 
Museum has been found useful to the casual visitor, 
it is hoped that this detailed Catalogue, explanatory 
of the only public collection of specimens of the 
rocks of the British Isles, will prove of service to 
the geological and mining student. 

RODERICK I. MURCHISON, 
Director, 


Museum of Practical Geology, 
April 16th, 1859. 
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INTRODUCTION. 


A OOMPUETE geological collection of the rocks of 
any country should comprise three suites : — 

1st. Lithological, illustrative of the nature of 

2nd. Stratigraphical, illustrative of their order of 
succession. 

3rd. Topographical, illustrative of their geogra- 
phical distribution. 

The space available in the Museum for the display 
of rocks is barely sufficient for one of these classes, 
and the first has been chosen as afibrding a simple 
method of instructing all who wish to learn what are 
the external characters of such rocks as conglomerate, 
sandstone, grit, limestone, shale, schist, gneiss, granite, 
the difierent kinds of trap, lavas, volcanic tufas or. 
adies, |md indeed all the varieties of stony substances 
that are of common occurrence. To descriptions of 
the rocks in the Cases an index has been added at 
the end of the volume, indicating the stratigraphieal 
relations of the specimens, or the order of successaon 
in which the rocks were formed from whence the 
specimens were derived. (See p. Sfil.}* 
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Buftving initstesed the chaaeaekam of the ndko^ by 
pWBitng £n»n speoioteii to speoimeii -with the index m 
bis hand, the student will be aide to fonn as &ir an 
idea asoan be gathezed in a musetun of the lithological 
or stony structure of most of the British formarions 
in thrir order of suooesrion. He will find that in 
England and Wales the Tertiary rooks are mostly 
fbnned of gravel, sand, and day, with a little soft 
limestone ; the Secondary rodks of dialk, day, soft 
shale, oolitic and hydraulic limestoues, mark, sands, 
and conglomerates ; the Carboiuferons ixx^s, of harder 
shales, ironstones, sandstones, firedays, beds of coal, 
and hard limestone ; the Old Bed Sandstone chiefly of 
red marl, sandstone, and conglomerate ; and the Silu> 
rian and Oambrian rocks in great part of mudstones, 
grits, and slaty rodos, with occasional shales, lime- 
stones, and beds of conglomerate, sandstone, and grit. 
Such is the general nature of the rodcs iu England 
and Wales ; but in other parts of the world ih^ are 
local peculiarities. Thus the Secondary limestones of 
the Alps are often orystaUiue, and the shales are 
deaved and slaty, or even changed into gneiss. This 
can be easily understood in reading special •works 
after the student* has studied the rodcs of his own 
region. 

names of the places fi\>m which the specimens 
were taken are always mentioned, thus secoting iu 
some degree the advantages of a topographical 
leoticm. 



i^ltA qpecamepfl neeeea^ 

t rftiw> , «3mdgt all the spedbieiui were odl^ted duxing 
tltei prpgrew of thoiGeologiosl Surveys andpaartly serve 
as type specimens illustrative of the maps and districts 
surveyed. 

In t^ other Cases in the galleries of the Museum 
devoted to the collection of fossils the student wiU 
frequently find illustrative specimens of rooks. These 
specimens of themselves give a good idea of the nature 
of the different formations, and may bo regarded as 
a kind of stnrfiigraphical collection of rocks, and what 
is of more importance, in these Cases he wiU also find 
smtes of fossils illustrative of their order of succession 
in the British formations. 

The collections of ores and other minerals in the 
principal floor show the economic substances fffo- 
duced by the rocks. Together they form a kind of 
handbook to British geology, which will be more 
complete if space is ever afforded for the arrangement 
of a strictly stratigraphical collection. 

In tim Lower Hall is a geological map of Wales, 
Devon, and Cornwall, and the other western and 
oentral counties* of England as far north as Derbytiiire 
and the borders of Lancashire. It shows tiie state of 
the published maps of the Geological Survey of Great 
Britain up to 1858, on the one-inch scale, and by 
zefereace to it tiie general distribution of most cf the 
formations illustrated by the specamens m thedAms 
will be undemtood. 



In the description of the Ckxrtaiidl spetsniens'iimch 
vainehle aesdsittnce was d.e]ived from a MS; left by the 
late Sir Henry De la Beoha 

The arrangement of the rooks described in. this 
catal<^ue iras planned, partly executed, and the whole 
superintended by myself A very large part is the 
work of Mr. Bristow. The <»s6 of Vesuvian specimens 
was arranged by Mr. Bauerman, who also assisted in 
cataloguing the igneous rocks of Wales. 

Since the printing of the first edition of the cata- 
logue, and partly while this was passing through the 
press, a large number of specimens have been added, 
wUoh are described in the Appendix. Now iirat the 
collection has become so large, before another edirion 
of the catalogue is issued, it may be desirable to ar- 
range the specimens stratigraphicsJly. 

ANDBEW C. RAMSAY. 


Mnseom of Practical Otology, 
April 1, 1859. 
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Table-case D. 

Arranged and described by A. C. Ramsat. 


SPECIMENS ILLUSTRATIVE OF PHENOMENA 
CONNECTED WITH GLACIERS AND FLOAT- ^ — ' 
IN6 ICE. 0^ 


SraciHENS No. 1 to 53 were collected by M. Dolfuss- 
Angset. No. l^to 39 are illustrative of existing Alpine 
glaciers, and of their former extension. 

No. 50 to 53 are derived from the remains of the ne^cer 
PUocene glaciers o f the Vosges, and No. 55 to 58 are believed 
by M. Dolfuss-Ausset to have been connected with glacial 
action in the neighbourhood of Mulhouse, &c. &c. 

No. 60 to 92 were collected by Mr. A. C. Ramsay, with 
the view of illustrating the newer Pliocene glaciers and 
other points connected with glacial action in Caernarvon- 
shire and AngUsea. No. 93, 94, and 97 were presented 
by Mr. James Nasmyth ; No. 95 and 96 by the Rev. John 
Gunn. 

No. 100 to 144 were collected partly by Mr, Ramsay, but 
chiedy by Mr. Gibbs, under Mr. Ramsay’s direction, to illus- 
trate certain drift-lihe phenomena connected with the Per- 
mian strata. 


Glaciers , — ^In the Swiss Alps the average snow -line is 
about 8,500 feet above the level of the sea. The glaeiers 
which descend Alpine valleys are produced by the drain- 
age of this snow, which, in its passage downward, in conse- 

A. 
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kitrence of the pressure consequent on the accumulation of 
inow, of the alternating seasons, and of frequent daily thaws 
and nightly frosts, becomes converted into ice. The slopes 
of valleys occupied by glaciers are various ; sometimes 
only from 8° to 5®, sometimes st^per, and sometimes the 
descents are exceedingly abrupt A large glacier passes 
down these slopes in a manner that may be compared to a 
broad and deep river of ice. Accordingly the whole mass 
bends and accommodates itself to the sinuosities and 
varying width of the valley, and its rate of progression has 
been ascertained, when the valley is straight, to be fastest 
in the middle and slowest at the sides ; or when curved, to 
be most rapid in a line nearer the convex side of the valley. 
Professor J. D. Forbes* theory of glacier motion is this : — 
^ glacier is an imperfect fluids or a viscous body^ whieh 
is urged down slopes of a certain inelincUion by the mutual 
pressure of its‘ parts/* On the other h^d, it has lately 
been maintained by Professors Tjmdall and Huxley that 
the progressive motion of glaciers is not due to a viscous 
movement of particles in the strict sense of the term, but 
to numerous and repeated fractures of the entire mass, 
and to rapid regelation, by means of which the general 
continuity of the glacier is maintained. In summer, on 
ihe surfkce of a glacier there is much waste by the thaw* 
fug of the ice. At the lower extremity it is finally 
malted by the heat. This waste is replenii^ed by the fall 
of snow on the high grounds, and thus it happens that a 
glacier drains a certain area of snow, much in the same 
mann^ that in lower or milder regions a river drains a 
certain area of water. Numerous stones and blocks fall 
on the marginal surfSaces of glaciers fimm the mountain 
sides, and from rocky masses that project from its surface, 
and as the ice progresses, these are carried, as it were, 
fioating on the surface in long, regular, and often very 
broad lines, termed moraines. ^ the ice of two 

Valleys coalesce^ two of these side moraines also unite, and 
geheirally form one central morame, which passes down the 
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mid-9ur£kce the glacier. Where glaciers finally melt at umnt 
their lower extrepiities curved termirnd marainu are formed 
by the stones and finer substances, that .find their way 
so iar, and are there shed by the glaciers. The surfaces 
of glaciers are seamed by crevasses^ or small and large cracks 
partiiy caused by the passage of the ice over the unequal 
fioors of the valleys, partly by tension, so that parts of the mass 
are torn asunder during the onward progress of the whole. 

Into these, stones from the surface frequently fall, and mud 
and other fine sediments arc washed into them by running 
water that, during the heats of summer, often forms actual 
brooks upon the ice. These often find their way to the 
bottom of the moving masses, and the finer siliceous and 
other materials, acting like emery powder between the 
moving ice and its rocky floor, grind off asperities and 
smooth and polish the surface, often giving to it largely 
rounded and mammillated contours, termed by the French 
and Swiss rocAes moutonnees. The stones and larger 
blocks fixed between the ice and the rocky bottom scratch 
and groove these surfaces, such lines necessarily running 
in the direction of the flow of the glaciers, or in other 
words, of the trend of the valleys. The imprisoned stones, 
also, themselves become scratched and grooved in their 
onward passage. When, through changes of climate, glaciers 
have decreased in size, they have often left laterdl moraines 
high on the sides of the mountains, and terminal moraines 
at points far below the existing extremities. In many of 
the valleys of Switzerland, the Himalaya, &c., roches mou- 
tonnees and moraines are found far beyond the limits of 
existing glaciers, and all the signs of glaciers often force 
themselves on the notice in mountain regions where they 
have altogether disappeared, probably since the newer 
Pliocene or glacial epoch. These signs are roches mou* 
tonnees^ often covered with ice-bome boulders blocs 
perches ”), scratched^ striated^ and grooved surfaces^ and 
numerous moraines^ sometimes as p^f^t as those that fringe 
fbe sides and ^ds of existing Alpb^n glaciers. Appear- 

Aft 
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ances of the kind adverted to are frequent in the mountains 
of the Vosges, Ireland, the Highlands qf Scotland, and 
Wales, Specimens from the moraines of the Alps, the 
Vosges, and Wales are deposited in this case. 

Specimens of the moraine matter of the Glaciers of the Alps* 
Lower glacier of the Aar, 

1. — Fine moraine clay in place^ derived from the Finster 
Aar Horny in a heap on a rock 9,100 feet above the sea 
level, near the lower glacier of Trift, This glacier is 
nearly two miles east of the “Pavilion” of M. Dolfuss- 
Ausset, by the side of the lower glacier of the Aar ; and 
the lower extremity of the glacier of Trift is 1,625 feet 
above that part of the Aar glacier. The end of the lower 
glacier of the Aar is 5,900 feet above the sea. 

2. — Fine ‘moraine clay, derived from the Finster Aar 
Horny in little heaj»s of several pounds on the surface of the 
lower glacier of the Aary below the Pavilion. 

3. — On the same glacier, as above, west of the Pavilion, 

4. — Quaktzose sand and fine gravel, derived from 
the Finster Aar Horny left by a block of ice upset on 
the left bank of the lower glacier of the Aary below the 
Pavilion. 

5. — Sandy gravel, covering a large gravelly cone on tlie 
same glacier, 1| miles from its terminal declivity. 

These cones of ice are generally regular in form, steep 
on the sides, and often 5 to 20 feet in height. They origi- 
nate in any stone or heap of earth or stones placed on the 
ice, so as to protect it from the heat of the sun. From the 
same cause moraines on the ice are convex. The cones 
arc sometimes formed as follows : — Into slight hollows 
in the ice, mud, sand, and gravel are washed ; this in 
sunny w'eather absorbs heat, and aids in melting the ice so 
as to increase the size of the hollow' in which it lies. By 
degrees, however, the accumulation of matter becomes so 
thick that the heat is do longer transmitted through it, and 
it acts as a protection from the rays of the sun, and prevent 
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further melting of the ice that immediately underlies it : TTmsi 
the surrounding ice then begins to dissolve and the inverted 
cone becomes converted into an erect cone, protected for 
a time from external heat by a covering of mud, sand, and 
gravel. 

6. — ^Very fine siliceous sand, derived from the Finster 
Aar Horn^ lying on a rock in place, touching the ice on the 
left bank of the lower glacier of the Aar, below the Pavilion. 

Illustrations of the former extension of the lower glacier of 
the Aar. 

7. — Siliceous sand, derived from the rocks of the Finster 
Aar Horny 32 feet below the terminal slope of the lower 
glacier of the Aar. 

8 — Siliceous sand, as above. 

9 — Finest sand, separated by suspension in water (de- 
rived as above), from a moraine in the bottom of the valley 
on the left bank of the Aarhodeiiy 1,625 feet beyond the 
present terminal slope of the glacier, 

10. — As above. 

11. — Fine sand, separated by the sieve, from moraine, as 
above. 

12. — Sand, separated by the sieve, from moraine, as above. 

13. — Coarse sand, as above, 

14. — Fine gravel, separated by the sieve, from moraine, 
as above. 

15. — Fine moraine clay, between the Grimsel and the 
glacier^ 5,850 feet above the sea ; at the bridge at the efflux 
of the Aar from the Boden, on the right and left banks, 

30 to 50 feet below the level of the torrent of the Aar. 

More ancient extension of the glacier. 

16 Fine moraine clay, from a moraine at the bottom of 

the valley, containing blocks and rounded and angular peb- 
bles, scratched and polished. It lies on a roch^ fmutonnee 
of sandstone, on the left bank of the Aar, at the new bridge 
of Tiefenau, on the new road to Berne. 
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1 f^MoiUXNE KUJ}, SAND, AND FIN® ANaUDAB (MIAVEi:^ In 
plsoe at Boderiehsbodent between the Grmsel end ffaptdei^ 
g above the level of the toirenl^ left hank* 

18. — Morawb mud, sand, and fine angular gravel, in 
the valley of Oberhculi^ at the Chalets of Handeck^ on the 
Grimsel road, 1,616 feet above the sea. 

19. — ^Moraine mud and angular gravel (containing 
very large erratic blocks), at Kirchet^ near Meyringtn^ 
OberhaslL 


20, — ^Moraine clay, containing scratched Alpine peb- 
bles, and covering ice-polished limestone, in the quarry of 
Baumann, about three quarters of a mile north of Soleure. 
This spot on the banks of tae Aar, below the Jura^ is about 
40 English miles from the nearest glaciers of the Bomese 
Alps. 


Specimens illustrative of the difference between ordinary sea 
sandy and glacier sand and gravel, — The first is generally 
rounded and waterworn, the second comparatively rough 
and angular. 


21. — ^Blown sea sand. Dunes of Bayonncy France^ 

22. — Sea sand, Mediterranean^ Barcelona ^ ) 

28.-— Sea sand, do. Malaga^ j 


Spain, 


Specimens illustrative of the polishing and striaHon pro^ 
duced by glaciers on the rocky bottoms and sides of the 
valleys doom which they pass, — Lower glacier of the Aar, 

24 t — Granitic hock, polished and striated, in place, at 
the Favilion ofM, Dolfuss^Ausset, 263 feet above the sur- 
face of the lower glacier (f the Aar. 

25..— Quartz, polished, in place at upper glacier of the 

Aar, 547 yards from its lower end. . > 

26. — Granits, poliah^ by Ahe iadAted glacier of tho 
ffelle-Platte at Handceky vathy of Gberhasii, 



Ot .TBK 


7 


polished and stidated^ &oiu a rock in place 
at the/^ Jjoc €hs Morta^" on the road from the Chimsel to 
the lacier of the Rhone. 


28. — ^Limestonii; bock, polished and striated, in place at 
the quarry of Baumann about three quarters of a mile 
from Soleure. Moraine matter from the Alps covers this 
rock, containing polished and st.iated pebbles of Alpine 
limestone, touching the roche moutonnee'^ 

29. — Conglomerate, polished and striated, covered by 
4 feet 8 inches of moraine matter ; in place at the hill of 
Chardonne (Torat), 547 yards from Torgni, Canton de 
Vaud. 


No, 30 to 39 show the appearance of some of the stones 
in motion on the surface of the ice^ and under the ice of 
glaciers^ or that have been^ or are inferred to have been 
transported by glacier action , — These stones are derived 
from the mountains that skirt the glaciers^, and they are 
of every possible size, from a grain of sand up to a block 
“ lOO feet long by 40 or 50 feet high,” or, in another case, 
containing “ 244,000 cubic feet of slate (Forbes* Travels 
through the Alps, p. 46). The “ blocks of Monthey*’ are 
“ composed of blo<rks of granite (resting on limestone), thirty, 
forty, fifty, and sixty feet in the side ; not a few, but by 
hundreds, fantastically balanced on the angles of one 
another, their grey weather-beaten tops standing out in 
prominent relief from the verdant slopes of secondary 
formation on which they rest.” (Forbes, p. 52,)* Moraine 


^ Bince the first edition of this Catalogue was published I had an 
opportunity of viidting these blocks, Which lie upon and are often half 
or entirely buried in stratified sand and wateawom gravel. This may 
be seen in a catting by the winding road ascends the hill, and T 
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are mostly angular and iubangulat^ and sometimes 
— ^ * (ae on the Mer de Glace^ Cbamouni. the Ginndelwald and 
iJJl Aar glaciers, Ifec.), they consist of pieces as fresh as if 
broken by the hammer. Rarely, stones in moraines in 
motion on the ice are rounded, and even waterworn, for 
it sometimes happens that they are partially abraded in 
brooks in the higher mountain regions, and afterwards 
carried to the surface or the sides of glaciers, and so by 
degrees find their way to the terminal moraines, there to 
mix with the angular or worn stones that are shed from 
the surface of the glacier or are passed onward from beneath 
the ice. 

30 to 38. — Partly rounded and subangular granite 
STONES, in motion on the lower glcuiier of the Aar. 

34. — Part op a pebble op limestone, taken from under 
the glacier of Rosenlaui. 

8d.-^P£BBLE OF scratched LIMESTONE, from the terminal 
moraine, touching the lower glacier of Grindelwald. 

36. — Polished and scratched pebble op black lime- 
stone, from the moraine of St. Theodule^ Monte Rosa. 

Erratic pebbles transported by ice. 

37 and 38. — Pebbles op scratched black limestone 
at Torgnif hill of Chardonne (Torat) near Vevey^ Lake of 
Geneva. 

39. — ^Pebbles from the wells at Domach, stated to be 
from an ancient moraine. 


40. — Rounded, well waterworn pebbles from the Rhine, 
contrasting with the subangular pebbles from glaciers. 


consider it most probable that they were deposited by icebergs detached 
from glaciers that reached the sea level during a part of the newer 
Pliocene period, when the stratified bonlder clays, sands, and gravels 
were formed that cover the slopes by the Lake of Oeneva, and much 
of the hilly groimd that lies between ihn higher Alps and the Jura. 



A37CIEXT GLAaERS OF THE VOSGES. ^ 

^S^eimeHi illustraHve of ancient glaciers in the mountains 
efthe Vosges^ — These glaciers were of the same age 

as those of the British Islands, viz., of newer Pliocene 
date. 

50. — Slaty rock, polished and striated, in place, in 
the valley of Asto, about two miles from the plain of Asto, 
Pyrenees^ France. 

51. Slaty rock, polished and striated, in place at 

Wesserling (Glattstein), Vosges^ France. 

52. — Scratched moraine stone, from the same locality, 

53. — Moraine sand, in place in the moraine of Rupt^ 
containing erratic blocks and covering polished rocks. 


Specimens^ described as moraine matter by M, Dolfuss- 

Ausset^ from the neighbourhood of Mulhouse and the 

Upper Rhine.* 

55, — Fine sandy clay, in place at Budisheim, about 2 
miles east of Mulhouse ( Upper Rhine). Forms a hill 32 
feet in height, above a “moraine” formed of Alpine pebbles. 

56, — Sand, in place at Rixhein^ about 5^ miles east of 
Mulhouse. This sand has been washed by the streams from 
a moraine. 

57.4-.Same as above. 

58.— Very fine sand, forming a mound 82 feet high, at 
SchliengeUy 1;^ miles from the right bank of the Rhine. 


Newer Pliocene Glaciers and Drift-ice, 

The following summary is chiefly derived from what I 
have elsewhere written on the subject. 


* In part, they may be derived from iee^riited erratic matter. 


Tftble-cifa 
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Tbe reader will have gathered &om preeedinf^ 1:0^ 
marks,* that there is evidence of the existence of glaGier0 
where none are now found in Britain, and in several other 
countries. The greater part also of the north of Europe, 
Asia, and Korth America has been covered by late 
Tertiary icy seas. These subjects have attracted much 
attention among able observers ; but long after the trans- 
porting power of glaciers, and the ice-borne character of 
Alpine boulders that rest on the Jura had been indicated, 
there was a powerful reaction among geologists ) the true 
doctrine fell into discredit, and most writers adhered to the 
dogma that the heterogeneous mixtures that cover a great 
part of the northern continents were the result of mighty 
sea waves, which rushed from the north across Europe, 
Asia, and America, scattering rocky fragments which po- 
lished and grooved the rocks over which they passed. 
More correct views, however, at length prevailed; and 
there are now few geologists who have studied the effects 
of ice, but will readily recognize its familiar indications, 
and more especially those of glacier action in the High- 
lands of Scotland, in Cumberland, Wales, Ireland, and the 
mountains of the Vosges. 

It is nearly universally allowed that all the more impor- 
tant general contours of hill and valley in the continents of 
the old and new world were the same as now previous to the 
glacial epoch. Much of the land was then slowly depressed 
beneath the sea ; and as it sank, its minor features were 
somewhat modified, for terraces were formed on old shores, 
and icebergs drifting from the north, and pack-ice on the 
coasts, as they ground and grated along the coasts and sea 
bottoms, smoothed and striated tbe rocky surfaces over 
which they passed, and deposited, in the course of many 
ages, cluy,' gravel, and numerous boulders over wide areas 
tl^t had once been land. The grooves and striations on 
tlie ice-smoothed rocks (except where locally deflected) still 
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bear witness to tbe general southward course of th winds 
and oceaii currents that often bore the ice from its birth- 
place into milder climates. ^ 

The intensity and wide-spreading effects of cold in what 
are now temperate climates :*s one of the greatest marvels 
of Tertiary geology. In our own latitudes these effects 
were clearly not confined to mountain regions when at their 
present elevation, or when perhaps by further upheaval of 
the land, they attained a still greater height ; for it is 
certain that in Wales marine drift rises on the mountains 
to the height of more than 2,000 feet, in Derbyshire at leaat 
to 1,500 feet, and as high, or perhaps higher, in many parts 
of Scotland ; and all between these elevations and the pre* 
sent sea level, the signs of ancient drift-iee' are unmis- 
takeable. Thus, for instance, in Pembrokeshire, north of 
St. Bride’s Bay, the tow country is covered with great 
boulders, derived from the greenstone hills that rise above 
the drift near St. David’s Head ; and so isolated and insig- 
nificant are these hills, that it is impossible they could ever 
have given birth to glaciers and icebergs, and therefore the 
large boulders derived from them must liave been floated 
and scattered by coast-ice that in winter gathered round a 
few low islets. The same kind of evidence is conspicuous 
at and near Chamwood Forest in Leicestershire, where the 
highest hills are only 800 feet in height, from whence long 
trains of boulders of greenstone and syenite have b^eii borne 
many miles to the south. The whole of the central counties 
of England are more or less dotted with boulders of lime- 
stone, granite, greenstone, &c., some of them transported 
from Cumberland, and perhaps from Scotland ; and the 
drift of our eastern shores contains boulders borne from 
Scandinavia. 

While much of this drift was transported from low coasts 
by shore-ice, it is, however, equally certain that great part 
of it originated in true glacier moraine matter that reached 
the sea by means of glaciers, that, when the country was at 
various elevations, descended to the sea-level, and their 
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OEfe^ities iloatitig up and breaking off as icebergs^ bore 
— * away large freights of moraine — earth, stones, and boulders, 
— to be dropped to the bottom of the sea wherever the bergs 
chanced to melt. This is evident in North Wales, from 
whence the moraine specimers of this case are derived, and 
the same kind of evidence is equally strong in other areas. 
In Wales (as in Switzerland at the present day) terminal 
moraines frequently form in part the confining barriers of 
mountain lakes and tarns.**^ Llyn Idwal, in Nant Francon, 
and Llyn Llydaw on Snowdon, among others, form good 
examples of this phenomenon ; although it is not to be sup- 
posed that the depth of these moraines is necessarily equal to 
the profoundest depths of the lakes. The contrary is often 
the case, a good example of which occurs in the Merjelen see^lf 
a lake nearly 8,000 feet above the sea, above Viesch, in the 
valley of the Upper Rhone. Before the artificial lowering 
of the water this lake was more than 100 feet deep, while 
the thickness of the bounding moraine is only about 25 feet. 


* Also, in the Highlands, the Vosges, Ac. 

t This most interesting lake is bounded on the west by a small 
branch glacier descending from the Great Glacier of Aletschy ending in 
a cliff of ice in places 60 feet high, from which large fleets of ' aall 
icebergs frequently break. In older times this branch filled the space 
now occupied by the lake, and passing further east united the glaciers 
of Aletsch and Viesch. Hut (as in Wales, p. 14,) a change of climate 
lessened the size of the Alpine glaciers, the uniting stream of ice 
gradually melted, it shrunk upwards, and all that now remains is 
the short branch ending in an ice-cliff washed by the waters of the 
lake. Old moraines furrow the sides of the bounding hills, and its 
lower end is partially dammed by moraine matter, which, by approxi- 
mate measurement, is about 20 feet thick from the surface of the water 
to the pock on which it lies, while, by seven accurate soundings, I 
ascertained that the depth of water by the ice-cliff varies from 84 to 97 
feet. It may be that this inner hollow was originally made by a heavy 
load of ice, which in its onward Ending progress, scooped a deeper 
hollow in material softer than that which now partly fbrms the barrier 
ridge of the lake, and this acfion sems to be strictly analogous to the 
cause that scooped out basina of the small lakes and tarns (entire^ 
surrounded by rock) that lie in the hollows of high passes, like the Lac 
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Other moraines dam up lakes in a more peculiar’ manner. 
The mouth of a valley is suiTounded by a mound or series 
of united mounds curving outwards, formed of earth, an- 
gular, subangular, and sometimes smoothed and scratched 
stones, so truly moraine-like in their arrangement, that their 
origin and the places whence they came are unmistakeable. 
A deep clear lake lies inside, and the drift of the glacial sea, 
full of boulders, slopes right up to the outside base of the 
moraine, with a long smooth outline, showing that the gla- 
cier descended to the sea level, and pushing for a certain 
distance out to sea, formed a marine terminal moraine, while 
ordinary drift detritus, partly scattered by floating ice, was 
accumulating beyond. In the meanwhile tlie space on and 
beyond the* sea level occupied by the glacier was kept 
clear of debris ; and when the land arose, and the climate 
ameliorated, the hollow within the terminal moraine became 
replenished with the water drainage of the surrounding 
hills, just as in earlier times it was filled with ice formed 
by a drainage of snow. Such, in Caernarvonshire, are the 
lakes of Llyn Dulyn, Melynllyn, Ffynnon Llugwy, March- 
]yn-mawi*, and Marchlyn-bach ; and in Scotland it would 
not be difiicult to find parallel cases. Judging by the pre- 
sent average elevation of these Welsh lakes, wlien the 
moraines that confined them were formed, the highest parts 
of the mountains of Caernarvonshire {the snow drainage of 
which gave birth to the glaciers) could not have been more 
than from 1,400 to 2,000 feet above the sea. The average 
great intensity of cold may be inferred from this circum- 
stance, for the sea then flowed through some of the greater 


ika Morts between the Grimsel and the Valley of the Rhone ; or again, 
on high snrflaces, like the tarns on some of the rough table lands 
between Ffestiniog, Nant Gwynant, and the river Conwy. The pro- 
ducing cause of these peculiar hollows was probably an immense 
weight of superincumbent ice pressing and grinding downwards and 
outwards, over high, flat, and sometimes broad watersheds, during fliat 
period of intensest cold, that produced the glaciers of Wales, and 
the great origmal extension of the glaciers of Switzerland. 
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flVSf SS- valleys betw^n the Menai Straits apd Car^igAi^ Bay^ai^i^ 
ithe present watersheds of the Passes. The principal of 
these are the Vale of Conwy, and its upper teranehea to 
Capel Curig, &c. ; the Pass of Nant Fraucon, and its eon<* 
tinuation between Llyn Gwynant and Capel Curig ; the 
Pass ofLlanberis, opening into Cwm Gwynant (about 1,000 
feet high at the watershed) ; and the Valley of Afon Gain, 
between Caernarvon and Beddgelert. The country was 
thus broken into a group of islands, each one of which in 
great part had its covering of snow and ice, permanent till 
* large changes (perhaps of physical geography) produced a 
decided amelioration of climate, 

This amelioration did not, however, take place till after 
the re-elevation of te land, and after this upheaval, in the 
greater valleys large glaciers were formed which in Wales 
ploughed the drift out of the Passes of Nant Francon and 
Llanberis, and left untouched the marine drift deposits 
that cover the broad spreading tablelands that lie on either 
side of these valleys at their mouths. 

Another proof of the former existence of glaciers is to be 
found in the polishing, scratching, grooving, and deep fur- 
rowing of the rocks over which the glaciers flowed, mag- 
nificent examples of which occur in many a Highland valley, 
in Cumberland, Wales, Ireland, and the mountains of the 
Vosges. These markings precisely resemble those formerly 
produced in Switzerland by the greater extension of the 
Alpine glaciers, and what is now produced underneath and at 
the sides of glaciers that still exist. In Wales, wherever a 
tributary glacier has flowed into a valley, a series of lines is 
to be found, branching from the general direction of the 
grooves that mark the* bottom and sides of the main valley. 
In Nant Francon, for example, in the main valley, the striae 
follow its course (20° to 25° W, of N.) ; and in the tributary 
valleys they run east and north-easterly, according to their 
curves ; while in entering Cwm Xdwal from Nant Francon 
they curve gradually round from £.,S.E. to N.^ .E. The 
same is equiJlj striking in 
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wfeere, in the Pass of Llanberis, the grooves and striae first Umot 
litrifce from SO® to 35® south of east, and gradnally curve 
round to the south, as a portion of them pass into tlte high 
tributary valley of Cwm Glas ; or, again, in Nant Gwynant, 
where, in the main valley, they strike to the south-west, 
and branch off first to the north-west, and gradually curve 
round to the north in the higher part of Cwm-y-Llan; and 
in another instance, where they run generally west in the 
vast rocky amphitheatre of Glaslyn and Llyn Llydaw. In 
the higher parts of these tributary valleys, such as Cwm-y- 
Llan, the grooves converge towards the hollows at acute 
angles to the main direction of the valleys, in the manner 
that might be expected from ice of considerable thickness 
pressing downward, while by the weight and partial tension 
of the whole mass, it was at the same time pushed and 
dragged onward to feed the main icy stream, a movement 
and a result necessarily aided by the fact that in general 
glacier ice flows faster at the centre and slower at the sides. 

On the sides of the Passes of Llanberis and Nant fVancon 
longitudinal grooves are found running in the directions of 
the main valleys, at a height of 1,300 feet above the bottom, 
sometimes quite across and transverse to the mouths of the 
* tributary valleys that enter these passes. Unless they were 
actually much deepened by the glaciers, it follows then that 
at one period the ice of the Pass of Llanberis was 1 ,300 feet 
thick, and in all probability actually for a space overflowed 
part of the S.W. lip of the valley formed by the Cambrian 
hills above Dolbadarn Castle in the same manner that S.W. 
of the Bettenhom, I feel sure the great glacier of Aletsch, 
on the evidence of striations, once overflowed the ridge that 
now separates it from the Valley of the Rhone. If this great 
thickness in the Pass of Llanberis were the case, then, as 
the watershed at the top of the Pass is only 1,000 feet above 
tile sea, it follows that the vertical accumulation of snow 
and ice above that point must haye been very great, so as 
not only partly to feed the glacier, but also to produce that 
pi^BSure from aboye that aided the ice on its course. Wheu 
by degrees the glaciers diminished in size, then the piinor 
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tributErjr glaciers were no longer oyer*ridden by the ehiel 
glacier^ but each valley poured in its trlbatary fi^ream of 
ioe ; and thus it happens that in some cases, when carefully 
looked for at the mouths of tributary valleys, transverse 
striati<niB are found crossing each other, one set true to the 
course of the original great glacier, and others formed by 
minor tributary streams of ice that moulded themselves to 
the branching valleys when ^e supply of snow had declined 
or else the average temperature had risen. By degrees 
these results were clearly produced by amelioration of 
climate, for in Wales there is perfect evidence of a gradual 
decline of the glaciers in the retreating moraines concen- 
trically arranged one within another, — as, for instance, in 
three or four perfect moraine mounds on the west side of 
Cwm Idwal, or in the moraine of Cwm Llafar, below 
Carnedd Llewelyn, — in which along narrow channel has been 
ploughed by the glacier clean out of the terraced boulder^ 
drifts,* the remains of a small moraine crossing near its upper 
end— or in the upper part of Cwm Brwynog, and in Cwm 
Glas, on the sides of Snowdon. Near the mouth of the last, 
not far above the bottotoi of the Pass of Llauboris, there are 
three concentric elliptical moraine heaps, touching each 
other ; and further up the valley, beyond the great roche 
moutonnie^ that lies half a mile south of Blaen-y-Pennant, 
there is a perfect British terminal moraine, forming across 
the valley a long curved ridge of clay, sand, and moraine 
stones and boulders, some of them well scratched, and so 
r^ular in form that an uninitiated eye might fancy the 
mound to he an artificial earthwork. Other cases of equal 
value could be cited, showing a gradual retreat of the 
glaciers, till at length we find only the last 8)rmptoms of 
the ice in the relics of tiny moraines far up amid the inner- 
most recesses of the mountains. ' 

Allusion has been made to British roches moutonneei. 
These, when perfect, are rounded bosses of rock, of all sizes, 

* These terraces In the drift have been made by denudation during 
paoiet in the elevation of the country alter its submersion to a depth of 
niore than 2,000 6ee p. ll. 
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iNNsMfo&i&ed hy tbe mded bottoms of the gladers, 
Soiiw iite yafds In ^«metet, othew rather de- 

serve Btoie of smali polished hQls than of bosses# In 
ailihe BHtish regions where ^ders existed they may be 
pkntifitSy fbhnd^ and in Wales they may be counted by the 
hundred; Perfect examples occnr by the lake in Gwm 
Orthitt^ near Ffestiniog, in the tributary valleys above the 
river Llugwy, in Nant Francon above the Penrhyn slate 
qtiairies, On the slopes below Llyn Idwal, by the bridge 
above the waterfall, and on the shores of Llyn Padarn 
and Llyn Peris ; and further up the pass, some of large 
dimensmns, plentifully sprinkled with great blocks of stone 
(Moct pereASs), amaze the passing tourist, who often won* 
ders how masses rolled from the neighbouring mountains 
have been arrested on precarious points, from whence they 
would naturally have made a final bound into the lower 
depths of the valley, while the welLpleased eye of the ex* 
periaiced gladalist at once divines that they were gently 
deposited where they lie by the thawing of the glacier that 
bore them from the higher recesses of the mountains. 

For the further guidance of those who may wish to ex- 
amine this subject for themselves, I must add a little about 
the appearance of the polish on rocks, and the weathering 
of glaciated surfaces. 

In the Alps, when glacier ice is freshly removed, the 
rock underneath, whether of limestone, gneiss, granite, or 
even quartz, though striated, often possesses almost the 
polish of a sheet of glass. In our own country, when the 
impervious covering of till has been taken away, the surfaces 
of limestone (as at North Berwick)^ though grooved and 
striated, are often beautifully smooth. In a country so loir, 
this may have been due to the grating of icebergs. lii 
other cases, as in some parts of Wales, when the turf 
glacier debl^is is lifted, the underlying surfaces of Ct^v^ 
skte still retain a perfect polish, marked sometfimek iy 
flutmgi^ and sometimes by numerous scratcbea almost ‘ as 
as if by the point of, a diamond* 
posui^, these finer markings dis^pear, and though the 
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rotiiid^ ibm perfe^^ 

l!Mgltc^^ WEkd Oie higlily^-iiidii^ eteftvage fiaiiet 
ail tbeir edges a slightly serrated aspect .sThe 
flntingSy however, often for a long time remain ; bat even 
these at length vanish, though it is not until long after this 
has been effected that the generid rounded form of therocAes 
moutonnSes is entirely obliterated. Phenomena of the same 
generid nature are observable in the igneous and other un- 
cleaved rocks over which a glacier has passed. The origir 
nal polished surface on exposure, becomes roughened by 
atmospheric disintegration | but the general &>nn for long 
remains to attest its glacial origin, and in no case 4s there 
any danger of the experienced eye confounding this with 
those forms in gneiss produced by spherical decomposition, 
about which so much has been written. Finally, in the 
long lapse of time, the air, water, and repeated ft^ts tell 
their tale, the rock splits at its joints, crumbles, masses fall 
off) and, by degrees, it assumes an irregular and craggy out- 
line, altogether distinct from the glaciated surface produced 
by the long-continued passage of ice ; and thus it happens 
that on the very summit of some tower-like crag, Ihe sides 
of which have been rent by the frosts of untold winters, the 
student of glacial phenomena sometimes finds yet intact the 
writing of the glacier ; while below on its rides all trace of 
the ice-flood has long since disappeared. These things niay 
almost incredible to those who are unaccustomed to 
read the records of many terrestrial revolutions in the rocks; 
but, nevertheless, of these extinct glaciers it is true that just 
ai ^ skilfhl antiquary, from the wreck of some castle or 
abbey of the middle ages, can, in his mind’s eye, conjure up 
the true Semblance of what it wa« when entire, so the geo- 
logist, from the signs before him, can truthfully restore 
ilirholO systems of J^aciers that once filled the vall^ of the 
VddgeS, tihe Highlands, or of Wales.* 


and 

cmttahwd in Misj^ ^ 
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S^fecimem illusiraiite of tAi» ancient Glmfws 4^^ 

fFales, and of the Glacial Drift (Neww Pliooeoe or 

Pldstoceno). 

OT._MoBAiNE MUD in its native stat6> from a well-marked 
moraine at the upper end of Cwm^y-llany south of the peak 
of Snowdon. This mud, and that in the other trays con- 
taining Welsh moraine matter, bears the closest resemldance 
to the moraine mud of the Swiss glaciers in some of the 
trays between Nos. 1 and 20. 

61. — Moraine mud, as above, containing small angular 
stones in native proportion ; Cirm-y-Wo», Snowdon. 

62 and 63 . — IMohaine mud of two descriptions^ pa^y 
separated from larger material, with small angular and 
scratched stones ; Cwm-y^llany Snowdon. 

64 to 66 . — Angular quartz and slaty and felbpathic 
STONES, partly scratched^ from moraine of Cwm^ydlany Snow- 
don. 

67. — ^Angular slaty stone, well seratchedy from moraine 
of Cwm-y-llany Snowdon, 

68. -— Moraine mud, with small angular gravel, un- 
sifted, from moraine at the lower end of LXyn LlydaWy 
Snowdon, This moraine partly lies upon the great roehes 
moutonnees that bound the lake, and it also partly dams 
up the lake at its efflux. The roehes moutonntes above 
alluded to, are covered with erratic blocks {floes perehts)^ 
transported from higher levels by the glacier. 

69 and 70 . — Moraine mud, with small angular stones ; 
Llyn lAydaWy Snowdon. 

71. — Angular stone, imperfectly smoothed and 
SCRATCHED ; morainoy Llyn Llydaw. 

72. — Sandy mud, with angular stones (unsifted), 
Glaslyny Snowdon. This lake is at a higher level thaD 
Ll;^ Llydaw, in the same valley. Both are surrounded by 
polished grooved and scratched rocks, and patchy of mo- 
raine matter. Other lines and patches of moraih^ occur ui 
G#m Dyli, l>elow Llyn Idydaw, and ihe whOle of 

B 2 
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valley must have formed one of the chief andhigh^ 
^ — * sources of ice that helped to feed the great glacier of Llyn 
Gwynant. 

73. — Moraine mud and small angular felspathic 
SLATY STONES, in native proportion, from inner moraine^ 
south of the great roche moutonnee, Blaen-y-Pennant^ 
Cwm GlaSy Pass of Llanbcris, Snowdon, 

74. — ^Angular and partly scratched felspathic 
SLATY pebbles, Same locality as above. 

Tliis moraine is perhaps the most entire and regular of 
any in Caernarvonshire. Its precise position is as follows : — 
In the Pass of Llahberis, immediately above the 11th mile- 
stone, is the cottage of Blaen-y-Pennant. Nearly a quarter 
of a mile due S.W. of the cottage is a large well-rounded 
roche moutonnee of felspathic trap, partly weathered. The 
moraine lies less than a quarter of a mile S.W. of the top 
of the rock, and stretches across the hollow between two 
brooks, looking almost like an artificial mound, so perfect is 
its form* Many other traces of moraines occur higher in 
this valley, especially in the neighbourhood of the little lakes 
in the uppermost recesses of Cwm Clas, 

7o. — Moraine mud and small angular stones, in 
native proportion, from the outer moraine^ N.W. of the 
great roche moutoivnce, Blaen-y-Pennant^ Cwm Glas^ Pass 
of Llanberis, 

76. — Felspathic and slaty scratched angular stones, 
from the same moraine as 7d. 

This moraine is elliptical in form, very stony, and divided 
into two or perhaps three mounds, one within another, 
showing, like the moraines of the glacier of the Rhone, but 
less perfectly, the gradual retreat of the glacier. In the 
same neighbourhood, between Blacn-y -Pennant and Pont-y- 
Gronilech, on the S.W. side of the Pass, at a short distance 
. from the road, there is an immense mound of moraine debris, 
so lofty and solid looking that it forms an actual hill. This 
is probably the remains of a great moraine shed by the 
Cwm Glas glacier, when it was at that stage that it de- 
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seeded into the Pass, and its extremity abutted on the 
opposing slope of Y-Glyder-fawr. In such a case, the debris — ^ 

that fell from the glacier on the side that looked up the 
Pass would accumulate indefinitely against that side of the 
glacier, while the moraine matter shed from the side that 
looked down the Pass would in great part be destroyed, 
nearly as fast as it was formed, by water flowing from the 
glacier, as is often the case at the ends of Swiss glaciers 
now. Since the disappearance of the ice, part of the great 
moraine has been entirely destroyed by the ordinary 
drainage of the upper part of the Pass of Llanberis. 


Moraine drift — On the mountains of Caernarvonshire, 
and in North Wales generally, the surface is, over large 
areas, more or less covered by glacial drift. This drift 
rises from underneath tlio present sea level to a iieight of 
about 2,300 feet on some of the mountains. Near the shore 
it has often been rc-arr«ngcd and water worn by the sea 
during terrestrial oscillations of level, but in the higher 
grounds it is generally in its native state, consisting of clay, 
angular stones, gravel, and boulders, sometimes, as in Cwm 
Llafar below Carnedd Llewellyn, arranged in terraces 
marking pauses in the elevation of the country (see p. 16). 
Shells were found by Mr. Trimmer, on Moel Tryfan, 1,300 
feet above the sea, in gravel, and others were found by 
myself in a boulder clay at about the same height, less than 
two miles west of the peak of Snowdon. It has been 
already stated that some of the Welch glaciers shed their 
moraines in the sea, while drift was being deposited on 
adjacent sea bottoms. Much of this drift precisely re- 
sembles ordinary moraine matter in the appearance and 
quality of its mud, and the angularity, scratched surfaces, 
and sizes of its stones. At a time when glaciers descended 
to the sea, the higher mountains rose as islands of not more 
than about 2,000 feet high, and yet gave birth to distinct 
glaciers. It is therefore not improbable that in other por - 
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aStwKT islands not possessed of the form requisite 

TsMimio ^ originate massive glaciers, snow and glacier ice may 
0, yet have covered nearly their entire surfaces, for unless 
the cold were sufficient to produce such a result, it is 
difficult to understand how on other parts of these small 
islands good-sized glaciers, such as then certainly filled 
the valleys, could have been produced. If this covering 
did exist, it is very intelligible how the drift on the sides 
of the mountains is generally composed of stones from the 
hills close above, and also is more or less moraine-like in its 
character. It is not till we reach the comparatively dis- 
tant lower ground of Caernarvonshire, near the sea, and 
the plains of Anglesea, that far-travelled fragments begin 
to occur in ordinary drift deposits. Under any circum- 
stances, small icebergs and coast-ice grating along the 
shores would in the course of time be sufficient not only to 
polish the rocky coasts, but also to groove and scratch 
blocks and stones imprisoned in floating ice, such as are 
shown in the following specimens. 

80. — Fink sifted moiiaine mud, marine, from Ceunant- 
Mawr, near the top of Cwm-Gwi/nant, between Llyn- 
Gwynant and Pen-y-gwryd. 

81. — Moraine mud and angular stones, in native pro- 
portion, from the above locality. 

82. — Small angular and subangulau stones, separated 
from the mud ; from the above locality. 

83. — Scratched slaty stone, from the above locality. 

84. — Fine moraine mud, with small angular gravel, 
partly sifted, from thick banks of drift matter, full of local 
fragments ; between Llyn^y- Gader and Yr Aran, 

85. — As above, with angular stones. 

86. — Slaty pebbles, scratched ; from same locality as 
above. 

87. -^Pinely polished scratched slaty stone, as above. 

In this specimen the majority of the scratches run in the 

direction of the length of the stone. 
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^ 88« — Dbift OLAY MORAINE MATTER, with angular aud Upfjw 
rounded stones ; north of MoeU above the river Gorfai^ 
between Caernarvon and Llyn Cwellyn. 

In this specimen some of the stones arc rounded and 
waterworn. The hill-side whence it was derived lies open 
towards the sea. 

89. — Recent lake gravel, Lb/n Padarn, Llanberisy 
Caernarvonshire. Collected to contrast the waterworn 
shape of the stones with the angularity of the majority of 
moraine and drift stones in the Case. 


Scratched and striated stones and boulders^ from the ordb 
nary marine Glacial Drift of Anglesea^ Lancashire^ ^ 
Norfolk, and Suffolk, 

90 and 91. — Subangular smoothed and scratched 
slaty stones, from cliif of boulder clay on the coast, Yr 
Henborth, Llanfairynghornwy, Anglesea, 

92. — Subangular smoothed and scratched stone, from 
Anglesea ; underlying bed containing tooth oivi horse (Equus 
fossilis), 

92*. — Rounded waterworn stone, of quartz rock, 
similar to the pebbles of the New red conglomerate, and 
perhaps derived from it ; same locality as above. This stone, 
though well waterworn, (unlike the pebbles of the New red 
sandstone in place), shows traces of ghcial scratching, 

93 and 94. — Rounded waterworn striated grit 
stones; Patricroft, Lancashire,, Presented by Mr. James 
Nasmyth. The striations of these stones run in the direction 
of their length. (Lower compartment.) 

.95. — Angular boulder op striated grit, from the 
lower drift boulder clay of Happisburgh, Norfolk, Pre- 
sented by the Rev. John Gunn. (Lower compartment.) 

96.— Fragment of large scratched and striated sep- 
tarian, of the Kimeridge clay, from the upper drift boulder 
clay, near Burgh Castle, Suffolk, Presented by the Rev, 
J. Gunn. (Lower compartment.) 
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Vmu This specimen, especially, clearly indicates the produe* 
tion of strongly striated and scratched surfaces on boulder 
^®*** 0 ^ stones imprisoned in drifting ice that grated along rocky 
bottoms ; for the Kimeridge clay, from which 
this stone was probably at first derived, lies in England in 
the form of low plains, where it is improbable glaciers ever 
existed. 

97. Same as 94 and 95. (Lower compartment.) 

98. — Fragment of boulder, from the Permian brbcciated 
CONGLOMERATE, near Hundred House, Abberley Hills. 
Placed for comparison. (Lower compartment.) 


Permian Ice-drift. 

Specimens to illustrate the hrecciated conglomerates of the 
Permian or Lower Red sandstone series occurring at the 
south end of the Malvern Hills, at Howler^s Heath, at 
Knightsford Bridge, on parts of the Ahberley Hills, 
near Enville, on the Clent and Lichey Hills, ^c. 

On the Abberley Hills at Woodbury, and behind Hun- 
dred House, at Stagbury Hill, Warshill, and near Enville, 
the same hrecciated conglomerate forms part of the Permian 
strata, in a long interrupted line. Also at Church Hill, six 
miles north-west of Hundred House, there is an outlier of 
breccia lying on coal-measures. It also occurs in beds 400 
feet thick on the Clent and Bromsgrove Lickey Hills, at 
Frankley beeches, and at Northfield, on the east side of the 
south end of the South Staffordshire coal field. The frag- 
ments that form this remarkable rock are all angular and 
subangular. Some of them are from two to three feet in 
diameter, and deserve the name of boulders. Many of 
them are polished, and some are well scratched and striated. 
They arc invariably embedded in a red marly clay, and in all 
cases they contain few or no fragments of the neighbouring 
rocks, and chiefly agree in lithological character with the 
Cambrian rocks of the Longmynd in Shropshire, the Llan- 
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deilo and Lingula slates and altered rocks, and the traps uma 
and ashes of the same distant area, together with certain 
Pentamerus or upper Llandovery limestones and conglo- 
merutesy which contain peculiar green pebbles derived from 
Longmynd strata. These Pentamerus beds when in place 
lie uncon formably on the Longmynd Cambrian rocks and 
the Llandeilo flags, between the Stiper Stones and Chirbury. 

The pebbles and blocks therefore of the breccia chiefly 
consist of felstone porphyry, greenstone porphyry, green- 
stone amygdaloid, altered ribboned slate, black and green 
slate, felspathic ash, quartz rock, quartz conglomerate, 
purple and green Cambrian slate and coai'se conglomerate, 
grey grit, and sandy Pentamerus limestone^ all charac- 
teristic rocks of the Longmynd area or its neighbourhood. 

The Pentamerus limestone often occurs in the Breccia (as 
at Northfield) in large angular slabs, full of the peculiar 
assemblage of fossils that mark that ancient Silurian beach 
in the Longmynd country, and the inference is that they 
were transported from thence. Along with these a well- 
rounded waterworn pebble is of rare occurrence. The 
surfaces of a great majority of the pebbles are much 
flattened, numbers are highly polished, and, when searched 
for, some of them ai-e found to be distinctly grooved and 
finely striated. The strias in some are clear and sharp, and 
run parallel to each other or cross at various angles; while 
in others, though you see their remains, age and surface 
decomposition have impaired their sharpness, and roughened 
the original polish of the stone.” In general the surfaces, 
including the scratches, are covered by a thin ferruginous 
crust. The confused and irregular manner in which the 
whole is bedded, the angularity of all, and the great size 
of many of the stones, together with the clay in which 
they lie, present such strong resemblances to much of 
the “ drift” boulder clays, that the appearances may almost 
be said to be identical. All the places where the breccias 
. occur lie from 25 to 45 miles from the presumed parent 
rocks ; and few English geologists now bdieve that un- 
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rounded boulders sometimes several feet in diameter, and 
deposits of this kind generally, could have been carried so 
far, either by ordinary marine currents or by assumed 
violent floods, I believe that only the transporting power 
of floating ice, long continued, could have produced results 
of such magnitude, marked by the peculiarities above 
described. The rock is of the same age as the German 
Eotli-todte-liegende, and is identical with much of it in 
general appearance. (For further details, see “ Journal of 
the Geological Society,” August 1855, p. 185, Ramsay.) 


Pieces of Permian Brecciated Conglomerate^ or stones and 
parts of stones collected from it 

100. — From Woodbury Rock^ Knightsford Bridge^ Abber^ 
ley Hills, 

101. — ^From Holder's Heathy south end of the Malvern 
Hills, These show, on a small scale, the general nature of 
the brecciated C(mglomerate, viz., the angularity of the 
stones, and the red marly paste in which they are embedded. 

102. — Berrow Hill^ near Hartley^ Abherley Hills, 

103. — Abherley Hills^ behind Hundred House, 

104. — Clent^ north Bromsgrove. 

105. — Wars Hill, near Bewdley, 

\0^,~Romsley, near the Day House, Bromsgrove Lickey, 
These specimens were dug from the q mrries and loosened 
to show the angularity of the smaller fragments. 

107. — Part of a grooved small boulder (of altered 
Cambrian grit) dug out of a quarry, Berrow Hill^ near 
Hartley^ Worcestershire. The rubbing and grinding of the 
stone goes partly round the edge marked x ; in this respect 
resembling the side of the stone marked X, from the glacial 
drift, No. 93. 

108. — Subangular purple fine Cambrian grit, 
scratched on all sides ; Six Ashes^ near Enville, Worcester- 
shire. The scratch.es run chiefly with the length of the 
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Stone, but many of them cross each other in all directions, 
Compare with No. 35, from the glacier of the Grindelwald ; 

52, from the Vosges ; 67, 76, from the moraines of Caer- ^ , 
narvonshire ; 83, 86, and 87, from the moraine drift ; and 
90 and 91, from the ordinary marine glacial drift of 
Anglesea. 

109. — ScBi^GULAK STONK (Cambrian grit), scratched, 
the scratches covered with a thin ferruginous coating ; from 
the outlier of Church Hill, Hayton. This small outlier 
helps to mark the original wide extension of the brecciated 
conglomerate. It is entirely surrounded by Coal-measures, 
which lie on the Old Red sandstone, and the blocks that 
form it are not deidvcd from the strata immediately around. 

The nearest spot where grit like this stone occurs in place 
is the Longraynd. The scratches at x show a tendency to 
pass round the curved edge as in 93 and 107. 

no. — Part of a subangulak stone (Cambrimi grit ?), 
scratched ; Berroiu Hill, Ahherley Hills, near Martley. 

111. — ^Flat angulak stone (Cambrian grit), faintly 
striated; Bromsley, near Day House, Bromsgrove Lickey, 

112. — Part of STiUATEO stone, well marked on the edge 
marked X. The remainder of the sides show rough 
fractures. The stone consists of fine banded conglomerate 
and grit. Berrow Hill, Ahherley Hills, 

113. — Flat subangulak scratched stone (greyish red 
Cambrian grit ?) ; Ahherley Hill, behind Hundred House, 
Worcestershire, 

1 14. — Subangulak stones, smoothed andjinely scratched; 
Staghury Hill, near Stourport, The altered slaty fragment 
marked X is as finely striated as the specimen No. 36, from 
the moraine in motion in the Pass of Chevdule, 

115. — Subangulak purple (Cambrian ?) gkit, with 
smoothed and striated side ; Woodbury Hill, Ahherley Hills, 

116. — Subangulak stone, vfixh. scratched surface; Clent 
Hill, near Clent. Banded (Cambrian ?) grit. 

117. — Polished and scratched subangulak stone ; 
scratches partly covered by a very thin ferruginous crust. 

The rock consists of very coarse felspathic grit, and fine 
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equally polifihed, probably originally fom^g 
* part of the felspathic ashy rocks, west of the Stiper Stones, 
““«r Shropshire. From the lane between Northfield and Bang^ 
Itum Pity on the east side of the south end of the South 
Staffordshire coal fields seven miles south-west of Bir- 
mingham. 

1 18. — Smoothed angular stone, ^ ne/y striated} Berrow 
Jlilly near Hartley^ Abberley Hills. Probably originally 
derived from a bed of altered slate. 

119. — Waterworn greenish purple pebble (Cam- 
brian ?), polished and faintly scratched ; Berrow Hills, 
Abberley Hills, 

120. — Subangular eragment of a boulder of felspathic 
greenstone ; Abberley Hill, near Hundred House, 

121. — Smoothed angular conglomerate; Woodbury 
Hill, near Hundred House. Like some of the Cambrian 
conglomerates. 

122. — Subangular stone, felspar porphyry; Stagbury 
Hill, Stourport, Worcestershire. 

123. — Subangular fragment, greenstone ; Clent Hills. 

124. — ^Part of a subangular stone of altered (porce- 
lainised Lower Silurian) slate ; Clent Hills. 

125. — Smoothed angular stones, from lane between 
Northfield niid Bangham Pit, Worcestershii’e. Tlie largo 
one is felspathic porphyry ; the others ai*o of banded fine 
altered grits. 

126. — ^Angular stones, grit and fine felspar porphyiy ; 
Abberley Hills. 

127. — Part of a subangular stone, of quartz rock; 
Romsey, near the Day House, Bronisgrove Lickey. 

128. — Angular stone of felspathic trap, like that of the 
Lower Silurian rocks, Shropshire. 

129 to 135 are from angular slabs and stones, of 
calcareous sandstone and Silurian limestone, often of large 
size, embedded in the marly parts of the Permian brecciated . 
conglomerate. 

129. — Silurian limestone, Penlamerus or Upper Llm- 
dovery beds ; lane between Northfield and Bangham Pit, 
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east side of the south end of the South Staffordshire coal 

TAbieKMM' 

130 and 13L — ^Fossilifkroxjs calcareous sandstone 
AND LIMESTONE of the Upper Pentamerus or Upper Llan^ 
dovery beds ; from Woodbury Rocky Knightsford Bridge. 

The rock is like that of Hope Hilly and other parts of the 
same beds near Chirbuiy, and from thence skirting the 
edges of the Lower Silurian rocks, round to Church Stret- 
tou. (See Maps.) It contains the usual fossils, and frag- 
ments of green slate of the Longmynd, by which its original 
position in place is identified. Broken with the hammer to 
show the fossils. 

132 to 134. — ^Fragments of similar rocks, from the lane 
between Northfield and Bangham Pity Worcestershire ; full 
of Pentamerus ohlonguSy &c. These were derived from very 
large angular slabs. The nearest rock of this kind in place 
is about 45 miles distant, resting on the lower Silurian 
rocks west of the Longmynd. 

135. — ^Parts of stone of upper Silurian fossiliferous 
LIMESTONE, from Permian hrecciated conglomerate of 
Abberley Hilly Hundred House, 

136. — Parts of stone of upper Silurian fossiliferous 
LIMESTONE, from the outlier of Church Hilly Bayton, Both 
of these were probably originally transported from the 
Wenlock Edge country. 


Specimen^ to illustrate the difference between waterworn 
stones in conglomerates and angular aqueous breccias. 

140 and 141. — ^Permian conglomerate, and stones from 
conglomerate ; Four AsheSy iieai’ Envillcy Shropshire. 

142. — Ditto, Galacre Hally neai* Enville. This conglo- 
merate lies below the Permian hrecciated conglomerate, 
and is separated from it by beds of red marl and sandstone# 
Almost all the pebbles in it are well waterworn and rounded, 
*‘iid they are invariably sm^. They are included in this 
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collection for the purpose of contrasting them with the 
angular stones of the breccia. The true conglomerate is so 
calcareous that it has sometimes been burned for lime. Un- 
like those in the breccia, the limestone pebbles have gene- 
rally been derived from the Carboniferous limestone, and 
stems of Encrinites stand in relief on the weathered surfaces 
of the pebbles. 

143. — Calcareous ordinary conglomerate, from the 
Permian rocks near Bedworth^ Warwickshire; like 140 
to 142. 

144. — Pebbles from the conglomerate of the New Red 
Sandstone (Bunter). These are also placed in the Case to con - 
trast with the angular stones No. 100 to 128. No scratches 
appear on them, but they are exceedingly waterworn, and 
have been smoothed like the pebbles of the Chesil bank, 
or any similar beach, by breakers or some such movement 
rattling them against each other. Its component stones 
are often from three to nine inches in diameter, but 
unlike those in the breccias, they are all beautifully 
rounded, and where they touch in the rock they are not 
scratched, but indent each other at the points of contact ; 
the indentations being, I believe, due to the fact that, while 
these gravels were still incoherent, over great areas, the 
upper parts of the Ncav Red series, the Lias, and, perhaps 
other newer strata, were piled upon them, and the vertical 
pressure consequent on this vast superincumbent pile in- 
duced a lateral pressure in the loose -lying pebbles of the 
conglomerate ; so that being squeezed, not only downwards, 
but outwards, they ground on each other, and perhaps 
partly by the aid of intervening grains of sand, circular 
indentations were formed sometimes an inch in diameter.” 
(Ramsay, Geological Journal, Feb. 1855, p. 200.) Some of 
them are fractured and re- cemented. The fractures were 
produced by pressure, generally close to faults. 
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Wall-cases 40 to 44. Wall-cases 

40 to 44. 

These contain suites of Specimens intended to illustrate 
the lithological characters of stratified rocks; or, in other 
words, the nature of the stony substances of which stratified 
rocks are foimed. They are therefore not arranged in their 
stratigraphical order of succession, but rather according to 
their various compositions, showing in W&11-C&86S 41 
& 43 how rocks of various kinds pass by insensible 
gradations into each other. 

Wall-caso 40. Wall-ca«*e40 

Nos, 1 to 32 chiefly consist of Specimens illustrating the 
manner in which depositions of carbonate of lime (lime- 
stone) are formed from a bi-carboiiate of lime in solution 
in water. All rain water contains carbonic acid, which 
it abstracts from the air. Such part of the water as 
percolates through rocks containing lime is thus enabled 
to form a soluble bi-carbonate, and rising in springs or 
dropping from the roofs of caverns, evaporation takes 
place, and a portion of this mineral is deposited in the form 
of calcareous tufas, stalactites, stalagmites, ^c. A familiar 
illustration occurs in the stalactitic pendants hanging like 
icicles from the arches of almost every stone bridge. In 
the same manner stalagmites are formed by the dropping 
and evaporation of calcareous water on the floors of caverns, 

&c., and calcareous tufas are frequently formed in the open 
air by the evaporation of the water which flows over the 
surface from springs highly charged with lime. The bones 
of many animals, mostly extinct species, have been pre- 
served in numerous caves in the limestone rocks of Great 
Britain, partly through the agency of stalagmitic crusts, 
which cover up the clays, gravels, &c. in which they lie, 
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and protect them from the air. Nos. 1 to 19 especially 
illustrate the formation of stalactites and sUdagmiUL 
Tufas formed in the open air frequently encrust mosses, 
grasses, leaves, stems of plants, land and fresh-water shells, 
&c., which thus become fossilized before our eyes. (See 
Nos. 25 to 31.) 

Laminated and crystalline aggregations of various sub- 
stances are in an analogous manner frequently formed in 
the interior of lodes, and other cavities. (See Nos. 18 and 
24.) A. C. Ramsay. 

Wall-case 40. 

Sedimentary Rocks. 

Arranged and described by H. W. Bristow. 

Some of the Specimens consist of nearly pure carbonate 
of lime. Carbonate of lime consists of — 

Carbonic acid - - 44 • 00 

Lime - - - - 56’0 

100-0 

1. — Stalactite from Carboniferous limestone^ and stained 
of a red colour l)y iron. — Forest of Dean. 

2. —Calcareous deposit, formed in eighteen months, 
round the outside of the plunger-barrel of a pump used for 
feeding the boiler of a steam engine. The water was a very 
pure limestone stream, mixed with that flowing from the 
mine levels. — Penydarren. Presented by Mr. M. Mog- 
geridge. 

3. — ^Longitudinal polished section of a large stalactite, 
showing the mode of formation, by the deposit of successive 
layers of calcareous matter, — From Derbyshire. Presented 
by Prof. Tennant, F.G.S. 

4. — ^Part of a stalactite frqm Carboniferous limestone. 
^Forest of Dean y Gloueesterihire. 
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5. — Stalactitic CABBONATE OF LIME, obtaiaed in 1804, iJp^ 

from the Blue John —Presented by 

Richard Phiffips, F.R.S. . WsUhswo^ 

Nos. 1, 3, 4, 5 are placed in the positions in which they 
were formed in their natural pendant state. 

6. — Calcareous deposit, formed in the interior of an 
earthenware pipe. 

7. — ^Long columnar st.vlactitk, composed of concentric 
layers of carbonate of lime. 

8. — Carbonate of lime, deposited in the interior of a 
lead pipe. 

8a. — ^Laminated deposition of carbonate op lime, from 
the interior of a wooden pipe. Taken from a mine supposed 
to have been closed 100 years. — ^Presented by the Rev 
John Gunn. 

9. — Stalagmite, or stalactite, fonned by the deposition 
of carbonate of lime upon botiyoidul chalcedony. — Aden, 

Presented by the East India Company. 

10. — Concretionary stalactite, from Matlock^ Derby 
shire, 

11. — Stalagmite radiating crystals (carbonate of lime) 
producing a mammillated surface. 

No. 10 is hung in the pendant position of a stalactite, and 
No. 1 1 flat, in the manner in which such stalagmites are 
frequently formed, from the evaporation of ch’opping w'ater 
containing lime in solution. 

12. — Arragonite (flosferri). 

13. — Arragonite (polished), — Ilfracombe, Devonshire, 

Presented by Thomas Reynolds. 

14. — Fibrous Arragonite (flos-ferri), with veins of 
calcareous spar.— Moor,, Cumberland, 

15. — Medallion. Head of Jupiter, composed of car* 
bonate of lime, deposited in a mould, from water charged 
with calcareous matter. The spring charged with cal- 
careous matter is made to descend from a height upon some 
boughs of trees placed beneath, by which means it is 
divided into a fine spray. The mould of which a copy is 

C 
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i^Uired, or the otbw objects ^ be petrified, being plftoed 
Wait^lo sproy will fall upon them, thus become gradually 

* covered with a calcareous deposit by the evaporation of the 
water holding it in solution, and at length a cast of the 
original is procured. — From the springs of San Filippo^ near 
Radicofani^ Tuscany, Presented by Dr. Radford. — H.W.B. 

16. — Stalagmitic Arragonite {flos-ferri)^ on clay slate. 
— Ilfracombe^ Devon, Presented by T. Richardson. 

17. — CoRALLOiD ARRAGOiaTE {Jiosferri\ on clay slate. 
— Ifracomhe^ Devon, Presented by T. Richardson. 

Arragonite differs from calcareous spar in containing a 
little strontia and water ; example from Brisgau — 

Carbonate of lime - - 97*0963 

Carbonate . of strontia - 2*4609 
Water - - - - 0*4102 

99*9674 

“ At Duftony a silky, fibrous variety, called satin spar^ 
(see 13 and 14,) occurs, traversing shale, in thin veins, 
generally associated with pyrites. In Buckinghamshire^ 
Devonshire, &c. it occurs in stalactitic forms in caverns, and 
of snowy whiteness at Leadhills in Lanarkshire,^^ — Dana’s 
“ Mineralogy,” 1854, vol. ii., p. 449. 

18. — Crvstals of calcareous SPAR lining a cavity, in 
Marlstone. — Bridport, Dorset, 

19 . — Calcareous deposit, formed in the condenser of a 
steam engine, and obtained by John Dawes, Esq., Smeth- 
wick House, near Birmingham. 

20. — Sand, agglutinated by carbonate of copper, de- 
rived from the decomposition of the ores in the heaps of 
refuse of Huel Leisure^ €drnwall. 

In this case the sulphuret of copper has been partly de- 
composed, and borne away in solution in the water that 
percolated through the refuse heaps, after which it was re- 
deposited as carbonate of copper amongst the sand, thus 
. agglutinating the particles and forming a sand rock.-^ 

A,C,R. 
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■V ,21>^*fCAifCAR£ous DEPOSIT formed ou the heads of rivets Cvnot 
ia the intmor of a boiler at Mr. Sheppard^s Cloth Factory^ 

Frame, Somerset w*u*qsitsio 

22. — Calcareous deposit from the walls of the Ptseina 

MirabUe, near -^Presented by Dr. H. C. Barlow. 

23. — Calcareous incrustation from the interior of a 
boiler. — Presented by Dr. Lyon Playfair, C.B., F.B.S. 

Nos. 2, 6, 8, 8a, 19, 21, 22, and 23, illustrate the manner 
in which pipes and other vessels become choked by deposi- 
tions from hard water containing lime in solution. In 
London mid all other districts supplied with hard water 
most persons are familiar with this circumstance by the cal- 
careous incrustations formed in their tea-kettles. {A. C.R.) 

23a. — Stalagmite forming the floor of a bone-cave. — 

Brixham, Devon, 

23b. — Calcareous deposit on Devonian limestone ; 
found lying on the^floor of a bone -cave. — Brixham, Devon. 

24. — ^Part of a lode, consisting of angular fragments of 
limestone, cemented together, and encrusted with crystals of 
calcareous spar. — Presented by Dr. Lyon Playfair, C.B. 

25. — Calcareous incrustations upon the leaves of a tree. 

26. — Travertine or calcareous tufa,* containing the 
impression of a leaf. — Matlock, Derbyshire. 

27. — Calcareous tufa, encrusting stems of plants. — 

From the Great Northern Railway. Presented by Thomas 
Reynolds, Esq. 

28. — Calcareous tufa, encasing plants. 

29. — Calcareous tufa, encasing plants. — Richmond, 

Yorkshire. 

30. — Calcareous tufa, deposited on the fiuvio-marine 
strata of Tollands Bay, in the Isle of Wight, and containing 
concentric concretions of lime with numerous land and 
freshwater shells of existing species. 

See “ Survey Memoir on the Fluvio-marine strata of the 
Isle of Wight,” Forbes, pp. 8 and 105, Map No. 10, and 
Vertical Sections No. 25. 


* See also Table-case B in WLoeomm n, Nofu 206 to 228. 
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QuSSt 31.— -Calcabeous tufa, deposited upon Carboniferous 

' UmesUme by old springs now dried, and containing nteme 
leaves of plants with land shells, — Near Llangollev^ 
Denbighshire, 

The tufaceous dej^osits from 25 to 31 are all compara- 
tively recent, and enclose plants and shells of living species. 

32. — Tufaceous limestone, from the ‘-cap” beds of 
Portland stone. See Map 17 and vertical sections No. 22. 
— Hospital Quarry^ Isle of Portland. 

In the Isle of Portland, interposed between the slaty 
limestone of the Purbeck and the true Portland stone there 
is a series of dirt beds ” and beds of hard irregular lime- 
stone, termed by the quarrynien “ caps,” from the positions 
occupied by them in reference to the latter. The thickness 
of these beds is very variable ; even at short intervals, and 
in the same quariy, the upper bed, called “ top cap,” varies 
from four feet to four feet six inches in thickness ; and the 
lower, or “ skuljl cup,” from six inches to four feet and moi’C. 
A “dirt bed” frequently divides the “ skull cap ” from the 
Portland stone. Tlie caps are hard tufaceous limestones, 
constituting, strictly speaking, the base of the lower Pur- 
beck beds ; and the late Professor Forbes, adopting this 
view in his classification of that grouj), retained the trivial 
name, as expressive of their mode of occurrence, desig- 
nating them “ soft ” and “ hard ” cap respectively. Taken 
in connexion with the “ dirt beds ” or dry-laud surfaces, it 
is not unreasonable to infer that, like other limestones of 
the same character, they were partly of lacuHtrino and 
partly of subaerial formation. — II. W. I>. 


Beds formed by Chemical Action. 

Gypsum (Sulphate of Lime), Rock Salt, &c. 

33. — ^Massive gypsum (alabaster), from New Red MarU 

•^Sgston^ Leicestershire. . 

34. — ^Fibrous gypsum, from New Red Marl.’^Penareh 
Cardiff^ Glamorganshire. 
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35. — Flesh-coloured gypsum, showing its mode of pc- Umm 
currence in the marls of the iVew Hed Sandstone. — Cardiff^ 
Glatnorganshire. Presented by Sir H. T. De la Beche, C.B. 

36. — Fibrous gypsum, from Neto Red Mart. — Syston^ 
Leicestershire. 

37. — White gypsum, showing its mode of occurrence in 
the marls of the Neto Red Sandstone. — Cardiff^ Glanior- 
ganshire. 

38. — Thin fibrous laminae and small irregular concretions 
of WHITE GYPSUM in Ncto Red Marl. — Systony Leicester^ 
shire, 

39. — ^Fibrous gypsum and selenite, occurring in large 
masses in the loioer Ptirheck beds of Durl stone Bay^ and 
used for making plaster of Paris. (See Geological Map, 

No, 16, and Vertical Sections, sheet 22.) Dorset. 

40 — Crystals of Selenite from Gault — Dintony Wilts. 

41 — Crystals of Selenite, from the Black &a.— Pre- 
sented by F. Smith. 

42. — Crystals of Selenite, from Lower Green Sand . — 
Atherfield Cliffy Isle of Wight 

43. — ^Rock ^kvL'!' {chloride of sodium), — North of Ire^ 
land. Presented by the Marquis of Downshire. 

44. — Rock Salt Irom New Red Marly used for the 
manufacture of salt. — Cheshire, 

“ The salt mines of Cheshire are worked in the New Red 
Sandstone of that country, the salt being in large beds of 
irregular fonn, associated with marl and gypsum. The 
number of saliferous beds in the district is five, the thinnest 
of them being 6 inches, but the thickest nearly 40 feet 
thick, and they are Avorked at a depth of from 50 to 180 
yai’ds below the surface. Upwards of 70,000 tons are 
obtained from the Cheshire mines, and large quantity is 
also manufactured from brine-springs, and other similar 
sources in Cheshire and East Worcestershire.” (Official 
Catalogue, Great Exhibition, 1851.) 

These beds of salt are regularly stratified, and occur 
about the base of the Keuper mwl The greater part is like 
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Vttsb , red specimens, being coloured by marly and^rroginous 
ijjjpuiities ; the pure and transparent kinds^ although by ho 
WaU-cMe4tf. gcarce, are less common. The manner in which the 
salt was originally formed in the rock is obscure, but it is 
not improbable that it was deposited in salt lakes, where 
he evaporation of water being equal to the supply, no rivers 
flowed from them. All river waters contain small quantities 
of salts in solution, and by this means, in the course of time, 
the water of any lake (having no outlet) may become satu- 
rated with salts, after which, the supply continuing, depo* 
sition will ensue, in the manner in which it now takes 
place in the great salt lake of Utah, North America.^ 
A. C. Ramsay. 

Pure Rock salt consists essentially of chloride of sodium : 
Chlorine - - - 59 *5 

Sodium - - - 40*5 

100-0 

45. — Sulphate op Stbontian, occurring in large quan- 
tities in New Red Marly near YatCy in Glouc^stershirey 
probably replacing sulphate of lime. — See “Memoirs of 
Geological Survey,” vol. i., p. 267. 

46. — Keuper Sandstone, with pseudomorphous crystals 
of Rock salt. 

These beds of Keuper sandstone lie in the middle of the 
New Red marl, and contain fossils, namely, Batrachian foot* 
prinUy fish spines, and a small bi- valve crustacean Esiheria 
minuta, formerly called Posidonomya minuta. The ma- 
jority of the crystals “are cubes, or modifications of 
cubes.” 

“ Of substances which crystallize in cubes, the only ones 
which usually occur in the Triassic formations are sulphutet 
of iron, or iroij pyrites, and chloride of sodium, or common 
salt. It is hardly possible that sulphuret of iron can have 
Supplied the mould into which the sand was iftetwards 
pouredi as it would require a considerable thne both for the 
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formation and the removal of crystals of that mineral, 
whereas it is evident that the crystals in question must 
have been formed, and must have been afterwards removed, 
leaving an empty cavity, in the short interval between the 
deposition of one bed of sand, and of the one immediately 
superimposed. All these conditions, however, are supplied 
in the most satisfactory manner by supposing chloride of 
sodium to have been the material which formed the mould 
for these pseudomorphous crystals. The ripple marks — the 
cracks foimed by desiccation in the argillaceous beds, and 
afterwards filled with sand poured in from above, and the 
not unfrequent impressions of the feet of air-breathing 
reptiles, all of which phenomena especially characterize the 
Keuper sandstones of our English counties, seem to point 
to a very shallow state of the sea, abounding with sand- 
banks and extensive salt-water marshes, often laid bare in 
the intervals of the tides. If now we suppose that at the 
locality in question a sandy marsh existed, which at high 
spring tide was covered by the sea, we can easily conceive 
that in the interval between two spring tides, or in the still 
longer one between two equinoctial tides, the sea water 
ponded up in such a marsh, had time to evaporate and to 
deposit its crystals of chloride of sodium, which being slowly 
and tranquilly formed would assume their normal shape of 
cubes. As the desiccation proceeded these crystals would 
be enveloped by the hue muddy sediment which usually 
fonns the last deposit of water as it evaporates to dryness ; 
when, after a given interval, the tide again overflowed the 
spot, the returning sea water (not being saturated) would 
dissolve these saline crystals, leaving cubical cavities in the 
mud which contained them. The tide would bring with it 
a fresh deposit of fine sand, a portion of which would pour 
into the cavities formed by the crystals, and the remainder 
would form a homogeneous stratum immediately above. — 
On Pseudomorphous Crystals of Chloride of Sodium in 
Keuper Sandstone.” H. E. Strickland, Esq., F.B.S., F.G.S. 
Journal of Geological Society, Dec. 1, 1852.) 
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Wall-case 4ki. 

W«lt<«iMo4i. Tbc Specimens from Nos. 1 to 48 are varieties of Con* 
glomerate^ They may be divided into two chief vadetiefis 
vir., those in which the embedded fragments are angular^ 
constituting hrecciated conglomerates ; and those in 
which they are rounded^ forming the most common class 
of ordinary conglomerates^ In the brecciated conglo- 
merates the specimens have not been subjected to much 
attrition, but have been dropped in a more or less angulai* 
state amid the finer sediment that forms the cementing 
base. — (Nos. 2, 5, 6, 16.) > 

In ordinary conglomerate the fragments have been rounded' 
by attrition, by the action of breakers, fitc., like the pebb(% 
of an ordinary beach. In different specimens the cement^^ft 
matter is of different kinds; in some the stones 
cemented by lime, in others by oxide of iron, in otheri^4i^ 
both, in others the agglutination has perhaps been aided by 
the decomposition of felspathic matter, and the formation 
of new silicates of soda or potash ; in others, which seem 
purely siliceous, it would appear as if small quantities of 
silica had been dissolved and re-deposited among the quartz 
grains and pebbles, and in many cases pressure has had a 
great deal to do with the consolidation of the rock. 

Conglomerates are of all degrees of coarseness ; in the 
Old Red Sandstone of Scotland, and the Lower Red or 
Permian sandstones (Roth-todte-liegende) of England and 
Germany, there are sometimes blocks of several feet in 
diameter, and from such conglomerates every gradation 
may be traced, until at length they pass imperceptibly into 
grits and sandstones, (see Nos. 45 to 51,) from these into 
marls, shales, and clays (sec Nos. 127 to 146). Time clays 
ni*e necessarily more or less aluminous, but in other respects 
the difference between shales, sandstones, and conglomerates 
lies merely in. the fineness of the grain. An examination 
of many sandstones with the magnifying glass shows that 
their component grains are more or less rounded by attrition 
in water, like the pebbles of the conglomerates, Nos. 14, 15, 
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and 19. This naturaUr leads to the subject of the mode of 
formatioii of stratmed rocks in genera!* --r* 

. Stratified rocks are of two kinds, chemical and mecha- 
nical, the mechanical rocks by far predominating. The 
descriptions relating to W8ll*CES6 40 will give an idea 
of the manner by which stratified rocks are chemically 
deposited. Without entering into details, those formed 
mechanically are chiefly deposited in lakes, and in the sea, 
in the shape of sediment. All rivers carry sediment to the 
sea, by the disintegration and waste of the land through 
which they pass. All sea coasts are more or less wasted 
by the action of breakers, and this is the chief cause of 
- irregularities in tlie outlines of shores. The sediment thus 
formed is spread abroad in the sea to form strata. Sea* 
weed, shell-fish, and other organic bodies live and die 
among it, and as the successive beds accumulate, they 
frequently consolidate, and the whole becomes petrified or 
turned into stone, partly by pressure, partly by chemical 
actions. In this manner fossils become imbedded and pre- 
served in rocks. In tliis manner also sediments are being 
formed of every degree of fineness. There are gravelly beds 
on the beach, and by shifting movements in the water and the 
slope of the ground pebbles are, by degrees, carried along the 
sea bottom many miles from shore* (Darwin.) Other strata 
are fonned exclusively of sand, some of mud or clay, others 
of lime, and others of two or more of these materials, mixed 
in every possible manner. Some strata are fonned almost 
exclusively of organic remains, as, for instance, in the case 
of the oyster bed, in the Purbeck strata, (No. 173, Wall- 
CES6 41,) and in many other limestones. Specimen 32, in 
WaU»Ca86 43, forms a good example, from the lower 
bed of Carboniferous limestone, in which, in South Pem- 
brokeshire, there are strata 500 feet thick, fonned almost 
exclusively of the remains of Encrinites. 

The manner in which strata are now deposited is easily 
applicable to all the formations from which the rock speci- 
mens (CaaOS 41 and 43,) have been derived ; and in 
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banner, the study of the rocks themselves, in situ, 
— i ‘ re-acts in giving clearer conceptions of the manner by 
W»U-oa»e4i. great rocky deposits are now being formed. From 

this we learn, for instance, that ripple marks and sun 
cracks, (see specimens 179, 180, 181, 182, 183, 188,) made 
in the interval between high and low water mark, are, 
under favourable circumstances, sometimes preserved and 
fossilized. The same is the case of the foot-prints of 
animals that walked along the beach, (see slabs in opposite 
gallery,) and in innumerable instances plants, land, fresh- 
water, and marine shells, crustaceans, fish, reptiles, birds, 
and mammals, sometimes of living, but chiefly of extinct 
species, have been perfectly preserved — A. C. Ramsay. 


Specimens illustrative op the structure of Conglo- 
merates AND Breccias, Grits, Sandstones, Sands, 
Shelly and other Calcareous Sands, Marls, Clays, 
Shales, Slate, Coal ; and op Ripple and Current 
Marks, &c., on Old Sea Bottoms. 

Arranged and described by H. W. Bristow. 

1. — Conglomerate from the Grea^ Oolite^ composed of 
rounded fragments of slightly oolitic limestone in a base of 
calcareous matter. — Stow-in-^the-Wold, Gloucestershire, (See 

Memoir on Geology of Map 44,” by Edward Hull, p. 60.) 

2. — Calcareous urecciated conglomerate {Permian\ 
chiefly composed of angular pebbles of Carboniferous lime- 
stone in a red marly base. — Rowton^ near Shrewsbury^ 
Salop, 

3. — Calcareous conglomerate (Pcrwmw), chiefly made 
up of waterworn rounded pebbles of Carboniferous lime- 
stone, containing fossils ; near Bridgnorth^ Staffordshire, 

4. — Conglomerate {Inferior Oolite\ composed of 
rounded fragments of Carboniferous limestone and small 
pebbles of quartz in a calcareous base ; from the junction of 
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Carboniferous limestone and Inferior Oolite, — Vallis Vale, 
Frome, Somerset 

5. — ^Permian calcareous brecciated conglomerate, — 
Alberburyy Salop, 

6. — ^Permian calcareous brecciated conglomerate, con- 
sisting of angular pebbles of Carboniferous limestone, 
embedded in a red mainly calcareous base. These rocks and 
No. 2 consist of a great mass, or bank of angular conglomerate 
of the Permian red marls and sandstones of Shropshire, and 
ai*e probably the equivalents of the angular breccias of the 
Malvern, Abbeidey, and Clent Hills, &c. (Table-case 

Nos. 100 to 136.) They are burned for lime Rowton^ near 

Shrewsbury. — A.C.R. 

7. — Conglomerate, composed of Lias Limestone and 
Coprolites in a calcareous base. This is part of the bone 
bed which lies at the base of the Lias. — Aust Cliffy Glou- 
cestershire. 

8. — Conglomerate, from Millstone grit; pebbles of white 
quartz in a siliceous base (used occasionally for millstones 
for grinding corn). — Clap ham, near Lancaster. 

In the South of England and in Wales the Millstone grit 
generally forms a great band, sometimes 1,000 feet thick, 
lying between the Carboniferous limestone and the Coal 
Measures. 


OtAmRnx. 
Wall-cas<5 41, 


9. — CoJ^GLOU^EUATis,{Puddingstone^, composed of rounded 
pebbles of chalk flints in a siliceous base ; from the diluvial 
gravel bed on Hordwell Cliff, Hants. 

10. — Conglomerate, from Coal Measures . — Town Hill, 
Swansea, Glamorganshire. 

11. — ^Permian conglomerate, composed of rounded 
waterworn pebbles of sandstone, quartz, and limestone in 
a sandstone base. — Coventry, Warwickshire. 

12. — Conglomerate of rounded waterworn pebbles of 

quartz in a sandstone base, from Old Red Sandstone. 

Mitcheldean, Gloucestershire. 

13. — Conglomerate composed of Oolite fossils and small 
black pebbles in a calcareous base, from Lower Green Sand. ' 
^Farringdon, Berkshire. 
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Vmoi 14. — Polished QO^iStTuOWsxLxr^ {Pudding ston^y) c,om^mA 

— * of flint pebbles in a siliceous cement. — Hertfordshire. 

15. — CoNGLOMERi^TE of small pebbles of black flint in a 
siliceous base, forming Whiting Shoal, Limehouse Reach . — 
Presented by the Tidal Harbour Commissioners. 

16. — ^Breccia, composed of angular fragments of granite, 
in limestone, from the Crumlm Quarries, near Tallaght, 
Dublin County, Ireland. 

The limestone belongs to the “ ca/p,” or middle part of 
the Carboniferous limestone of Ireland, and is burned for 
lime. The Crumliu quarries are four miles from the foot 
of the present granite hills, but similar fragments of granite 
are found in the limestone at one or two intermediate spots. 
These fragments were, probably, carried in the roots of 
trees, or other jdants, swept from the old granite islands 
into the surrounding seas, during the carboniferous period.” 
In corroboration of the foregoing mode of accounting for 
the occurrence of granitic fragments in the limestone, 
Mr. Jukes further states that “ the only hard stones pos- 
sessed by th(^ natives of the coral archipelago of the Marshall 
Islands, in the North Pacific, are similarly thrown ashore 
in the roots of trees swept from the rivers of Asia, or North 
America, several thousand* miles off.” 

17. — Conglomerate {Permian), with waterworn rounded 
pebbles. This is from a different set of beds from the 
angular conglomerates Nos. and 6. — The Hollings, near 
Shretvsbury, Salop. 

18. — Hecent Conglomerate, comjKjsed of waterworn 
siliceous pebbles, (mostly flint,) in a calcareous base. Peb- 
bles cemented together by lime. — Bill of Portland, Dorset. 

19. — Conglomerate, composed of large rounded pebbles 
of iron ore. — S. Wales. 

20. — Conglomerate (Crfw6rm7j),'—T/i'e Burgs, Shrews- 
bury. 

2 1 . — Conglomerate. (Puddingstone.) — Hertfordshire. 

21a. — C onglomerate of siliceous (flint) pebbles, agglu- 

. tinated by a ferruginous cement round the tire of the wheel 
bf an old gun carriage. 
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22 * — ^Felspathic Breccia. — Sountain Mountain, Mont- uypjni 
gomeryshire* Qax^ey; 

23. — Conglomerate, pebbles of slate, in a base chieHy 
composed of small quartz grains, cemented by oxide of iron, 

— St* Agnes Beacon, {north side,) Cormoall* 

24. — ^Breccia, composed of flesh-coloured felspar and grey 
and green slate, in a base of clay. {From Coal Measures,) 

— Muxton Bridge, Coalhrook Dale, Salop* 

25. — ^Breccia, fragments of slate and a few pebbles of 
quartz, in a calcareous base, inclosing fossils. Upper Llan- 
dovery or Pentamerus beds, at the base of the Upper Silurian, 
and forming part of an ancient beach, or sea bottom in 
shallow water, close to the island of tlio Longmynd. — 
Longmynd, Little Stretton, Salop* (‘‘GeologiealJournnl,” 
vol. iv., p. 296. Ramsay.) 

26. — ^Breccia, fragments of Wenlock shale, in a cal- 
careous base. — Upper Tlehlands, near Bishops Castle, 

Salop, 

27. — Conglomerate, rounded pebbles of slate and white 
quartz in a calcareous base, comjiosed of comminuted sea 
shells. Part of a consolidated raised beach, near New 
Quay, Cornwall, (See ‘‘ Report on the Geology of Corn- 
wall,” &c., by Sir II. T. I)e la Beche, pj). 426, 427, and 431 ; 
and “ Geological Observer,” pp. 456, 457.) 

28. — Conglomerate, composed of black flints in a sili- 
ceous base. — Whiting Shoal, Limehouse Reach* 

29. — Magnesian Conglomerate, from the New Red 
series: fragments of Carboniferous limestone in a base of 
Magnesian limestone. The specimen exhilnts a weathered 
surface. — Coast of Glamorganshire, 

Similar conglomerates are found at the base of the New 
red sandstone, marl, and part of the Lias in Glamorganshire, 
Somersetshire, and Gloucestershire. In one instance it 
contains Lias fossils. — A. C. K. 

SO. — Conglomerate, pebbles of quartz in a partially 
crystallized quartzose base. From New Bed Sandstone* 

^1. ^Conglomerate, calcareous pebbles in a base of 
shelly limestone ; bottom bed of Lias, (See ‘‘ Memoirs of 



46 


00N<^I«(mRitTE6 


PP* ^44-2o2 .)— near 
— * Bridgend^ Glamorganshire, 
a ^cam . ^ 2 ^ — Stalagmitic CoNGLOMERATBj rounded pebbles of 

Carboniferous limestone embedded in stalagmitic carbonate 
of lime, and forming the floor of a bone cave (Bacon 
Hole), — Gower ^ near Swansea^ Glamorganshire, Presented 
by A. C. Ramsay. 

33. — Conglomerate, pebbles of white quartz and slaty 
rocks in a siliceous base, showing a weathered surface. 
From Denbighshire sandstone^ at the base of the Wen- 
loek Shale. — Garn Brys^ near Yspytty Evan^ Merioneth^ 
shire, 

34. — Bunter Conglomerate, pebbles of quartz in a 
quartzose base, cemented by micaceous oxide of iron. From 
the basement bed of the New Red Sandstone. — Dohlastony 
Cheshire, 

35. — Brecciated Conglomerate, subangular pebbles of 
.slate and shells in a sandy calcareous base. — Upper Llan* 
dovery or Pentamerus beds, Hope Quarry ^ Salop, 

36. — Fossiliperous Conglomerate, composed chiefly of 
small pebbles of quartz and a few subangular fragments of 
grey slate in a siliceous base. From the range of sandstones 
and conglomerates on the hills, {Lower Llandovery rocks^) 

4 or 5 miles north of Caermarthen, 

37. — Conglomerate, pebbles of Bed Sandstone in a 
marly base. From the Permian beds, — Wrexham^ Salop, 

38. — Conglomerate, Wealden, composed of calcareous 
pebbles in a siliceous base. — Brixton Bay^ Isle of Wight, 

39. — Brecciated angular conglomerate, occupying the 
place of the Roth-todte4iegende^ below theMagnesian lime- 
stone, and made up of fragments of quartz, Coal Measure 
ironstone, &c., in a calcareous base. — Kirkby Woodhousey 
Notts, 

40. — Conglomerate, rounded, and a few subangular 
pebbles of quartz (some exhibiting cleavage), with occa- 
sional fragments of black slate in a siliceous base. From 
the Lower Llandovery bedsy Abbey^cwmdiiry near Pen^y^ 
bonty Radnorshire, 
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41 , — CoNOLOMKBATE (J Angela composed of frag- 

meuts of slate in a quartzose base.— iSift/wr Stones^ near 
Bishops Castle^ Salop. 

42 See 36. 

43. — Bkbccia, chiefly made up of fragments of white 
quartz, with occasional fragments of red jasper, in a 
siliceous base ; from the lowest beds of the Old Red Sand'- 
sione.~DulaSy Anglesea. 

44. — ^Calcabeous conglomerate {Permian\ underlying 
Magnesian limestone. — Kirkhy Woodhouse^ Notts. 

45. — Fine conglomerate, made up of small quartzose 
pebbles and fragments of slate in a siliceous base. From 
Coal Measures. — Baxterley^ near Atherstone^ Warwickshire, 

46. — Fine conglomerate grit, chiefly composed of 
quartz pebbles in a quartzose base, containing spangles of 
mica and fossils cemented by oxide of iron. From Lower 
Green-' Sand. — Atherfield Cliff, Isle of Wight. 

47. — Fine conglomerate, part of a raised beach, com- 
posed of pebbles and grains of quartz and slate cemented by 
iron. (See Report on Geology of Cornwall,” p. 432). 
— Bareppa Cove, Falmouth Bay, Cornwall. 

48. — Siliceous grit, or fine conglomerate ; small pebbles 
of quartz in a felspathic base ; partly cemented by iron. 
Lingula flags. — Stiper Stones, near Bishops Castle, Salop. 

49. — Quartzose grits from Denbighshire Sandstone, at 
the base of the Wenlock Shale ; Upper Silurian rocks. 
Gdrn Brys, near Yspytty Evan, Merionethshire. 

50. — Siliceous grit, (^Lingula fiags\ Lower Silurian 
rocks. — Stiper Stones, near Bishops Castle, Salop. 

51 — Siliceous grit {Coal Measures).— Scaffold Hill 
Quarry, Shire Moor, Tynemouth, Northumberland, Pre- 
sented by Sir Charles Grey, Bart. 

52. — Millstone grit, occurring in the chert series; Car- 
boniferous rocks. — Holloway, near Holywell, Flintshire. 

53. — Cambrian grit, altered . — Llyn Peris, Llanberie, 
Caernarvonshire, 

54. — Millstone grit, Coal Measures, —Grassington 
Lead Mines, Yorkshire. 


UprxB 

Gaxuibt. 



— Sandstone, from the “ rag ” or upper beds of the 
^ * Upper Green-sand ; used extensively as a building stpne 
in the district in which it occurs. — Shaftesbury^ Dorset 

56. — Sandstone containing Siphon ia-like tubes. From 
Plastic Clay ; Eocene. — Alum Bay, Isle o f Wight 

57. — Siliceous okit, altered Caradoe Sandstone, — Char^ 
ton Hill, Salop, 

58. ^ — Yellow sandstone, at the base of the Carbonife* 
rous Limestone Shale, — Mitcheldean, Gloucestershire, 

59. — Grit (Cambrian), — Longmynds, Salop, 

60. — Sandstone underlying the “rag bed*’ (No. 55), and 
extensively used as a building stone in the district in which 
it occurs, for churches, &c. — Shaftesbury, Dorset, 

61. — Siliceous grit ( Wealden),(^ouim\mg casts of fresh- 
water shells; (^Uriio,) — Cowleaze Chine, Isle of Wight, 

62 . — Siliceous sandstoi^e, containing plant remains and 
carbonaceous matter. Lower Coal Measures, — Felin-y* 
nant, between Halhin and Flint, Flintshire, 

63 . — Grit, . altered Lower Silurian sandstone, from near 
the edge of granite. — Pen Ferfyn, S, of Llauerchymedd,, 
Anglesea, 

64. — Sandstone, exhibiting lines of stratification. From 
the white beds of the New Ked Sandstone. — At the base of 
the Keuper beds, Chattvell, 4 miles east of Neioport, Salop, 

65. — Sandstone (Keuper), slightly micaceous, and con- 
taining plant remains; from the white bods of the New Red 
Sandstone. — Bell Broughton, Worcestershire, 

66. — Silurian sandstone ( Upper Llandovery Rock, or 
May-Hill Sandstone), containing numerous casts of fossils : 
(Pentamerus oblongus, ^c.) — Norbury, Salop, . 

67. — Old red sandstone (micaceous), — Mitcheldean, 
Gloucestershire, 

68. *— Old red sandstone, with laminm of mica^ which 
cause it to split into thin layers. — Mitcheldean^ Ghmcester- 
shire, 

69 — ^Cambrian grit, grains of clear quartz in a baso 
partly felspathic.— east of Harlech, Merionethshire, 
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70. — Old bed sandstone, slightly micaceous, and con- Q^^St 

taining fragments of plant roots. — Clee HilUy Salop. WfoToitllett* 

7 1 . — Sandstone ( fFealden), showing a weathered surface * 
and false lamination. See map 10, and horizontal section 

No. 47. — Brook Point, Isle of Wight 

71a. — S iliceous sandstone ; from the lower division of 
the Lower Green Sand. — Hythe, Kent 

72. — Calcabeous sandstone ( Upper Llandovery or Pe7i- 
tamerus beds). Hope Quarry, Bishops Castle, Salop. This 
belongs to the same set of beds as 66 and 2o. They rfiow 
how, in a few miles, the same rock may change in character. 

73. — Grit {altered Cambrian). — The Burgs, Shrewsbury, 

Salop. 

74. — Gritty Sandstone {Lower Silurian), used for 
building. — Rhyader, Radnorshire. 

76. — ^Pennant grit {Coal Measure sandstone), contain- 
ing micaceous laminae — Forest of Dean, Gloucestershire. 

76. — ariogated red and white coal measure sandstone, 
from beds immediately imd(‘rlying Greenstone. — Salisbury 
Crags, Edinburgh. 

77. — Variegated old red sandstone — Bell Rock Light* 
house, Scotland. 

78. — ^Lias sandstone, (bottom bed). — Lower Penarch, 
Glamorganshire. 

79. — Sandstone, slightly micaceous and flaggy. Lias 
hone-bed. (‘‘Memoir on S. W. of England,” De la Beche. 
vol. i. p,261.) — Westhury- on- Severn, Gloucestershire. 

80. — ^Red Sandstone {Permian), very micaceous. — 

Preston Boat, Shrewsbury, Salop. 

81. — Sandstone {Upper Llandovery beds), nearShuslope 
Edge, 2 miles east of Walsall, Staffordshire. 

82. — Denbighshire sandstone Pont Clettior, Yspytty 

Evan, Merionethshire. 

83. — Sandstone {Llandeilo beds), very felspatliic.— JDyj- 
gwylfa Hill, near Bishops Castle, Salop. 

84. — Old bed sandstone.— Fall, Falls of 
Clyde, Lanarkshire. 
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Vmn 85.— Sandstone, fllightly micaceous, and containing; the 

OAiigBT. fgjuaing of plants ; from the “ white beds” of New Bed Sand^ 
Wtai-caM4i. stone. Base of the Keuper.^Bronisgrove^ Worcestershire, 

86. — Old bed sandstone (decomposed micaceous beds), 
— Mitcheldean^ Gloucestershire, 

87. — ^Laminated new bed sandstone. Lower soft red 
beds of the Bunter strata,>-~Bromsgrovc, Worcestershire, 

88. — Calcareous concretionary sandstone, occurring in 
layers interstratified with sand, and overlying chalk.— 
Goodwoody Sussex, 

89. — Cabadoc sandstone, exhibiting lines of stratifica- 
tion. — Church Stretton^ Salop, 

90. — ^Variegated sandstone {Permian), — The Hollings^ 
near Market Drayton^ Salop. 

91. — Laminated sandstone Tilestone ”), from the 
junction of the ,01d Red Sandstone and Upper Silurian 
rocks. — Longhope^ Gloucestershire. 

91a. — TilestoNE,” from Old Bed Sandstone, — Kington, 
Herefordshire. 

92. — SiLUBiAN sandstone, containing fossils : Pentamerus 
bed of Upper Llandovery Rock, or May hill Sandstone, occur- 
ring in contact with and containing pebbles of granite on 
the Worcestershire Beacon. — Malvern Hills, 

This rock being quite unaltered by the granite, and con- 
taining pebbles of it, is evidently of later date than the granite. 

93. — Thin-bedded, micaceous, concretionary sandstone 
(“ Tilestone ”). — Storm Hill Lodge, Llandeilo, 

94. — Shelly micaceous sandstone {Lower Silurian), with 
numerous casts of Orthis calligramma, — Anglesea. 

95. — New bed sandstone, from the Keuper Sandstone, 
in the middle of the marl. — Newnham, Gloucestershire. 

96. — New bed sandstone {Keuper). From the same 
beds as the above. — Dimock, Worcestershire, 

None of the sandstones from 49 to 96 are calcareous, or, 
if any of them are so, the lime is in very small quantity. 
iSfos. 61, 66, and 94 are shellyi btit the lime of the shells 
having been washed away in solution; their casts alone 
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remain. This is frequently the case in parts of strata near uftie 
the surface of the ground ; while deeper, the lime of the 
shells remains. In the specimens that follow, from 98 to 
109, the lime of the shells is preserved. — A. C. R. 

97. — Sandstone, (white beds at the base of the Keuper 
strata, New Red Sandstone^) containing ca-vities lined with 
crystals of calc spar. — Askhy •de-la- Zouch^ Leicestershire. 

98. — Sandstone with fossil shells (Silurian). — Church 
Stretton^ Salop. 

99. — Kelloway rock; calcareous sandstone^ occurring 
at the base of the Oxford clay in certain districts. It 
derives its name from Kelloway Bridge, in Wiltshire, where 
it was observed by Dr. Smith. It is chiefly remarkable for 
the beauty and abundance of its peculiar fossils, and is 
seldom used for building stone. — Ray Bridge^ near Melk- 
sham^ Wilts. Map 14. 

100. — Old red sandstone (“ tilestone ”) containing 
Trochus kelicites and Cucullcea antiqua. — Bichton^ south- 
west of Bishops Castle^ Salop. 

101. — Lower green-sand, containing numerous fossils 
( Terehratula sella). — Atherfield^ Isle of Wight. 

102. — Lower green- sand, with o?/sters and other fossil 
shells. — Sandgate, Kent. 

103. — Arenaceous shale ( Upper Ludlow), slightly cal- 
careous. Shells half dissolved out. — Longhope, Glouces- 
tershire. 

104. — Bracklesham {Middle Eocene) with Veneri- 

cardia planicosta. — Stuhhington, Hampshire. Map 11. 

104a. — Lower Bagshot sand. — Stoke Common, near 
Bishopstoke, Hampshire. Map 11. 

105. — Lower green-sand, vnt\i Perna Mulleti and other 
fossils. — Atherfield Point, Isle of Wight. 

106. — Sand, containing numerous marine fossil shells. 

(From London Clay.) — Alum Bay, Isle of Wight. 

107. — ^Uppbr green-sand, cementing shells of Gryphcea 
aviculoides . — Three miles north of Devizes, Wilts, 

108. — Sand, cementing fossil shells (oyster bed of Lower 
Green Sand.) — Atherfield Cliff, Isle of Wight 
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109. — Eocene sand, cementing numerous marine fossil 
shells, from the “Venus bed” of the Middle Headon series, 
— Colwell Bay, Isle of Wight, (See “ Memoir on Fluvio- 
marine Formation of Isle of Wight,” plate 10.‘) 

110. — Eocene sand, containing oysters and other shells, 
from the “Venus bed” (another variety). A soft, sandy, 
shelly band. — Headon Hill, Isle of Wight, 

1 1 1. — Soft sandy bed, consisting of Eocene sand, cement* 
ing univalve shells. {From the Fluvio-marine series ,) — 
Headon Hill, Isle of Wight. 

112. — Hastings sand with cast of Cyclas. Very fine, 
soft, sandy rock. 

Specimens 112 to 117, from Hastings, Sussex, Presented 
by Dr. Percy, F.R.S. 

113. 114. — Finely laminated Hastings sand. Soft, and 
imperfectly consolidated. 

115, 116, 117. — Hastings sand. Soft, as above. 

118. — New bed sani>stone : Lower red and mottled 
sandstone ; Mansfield, Notts. Fine-grained, micaceous sand, 
found at Mansfield, and of great value In the production 
of ornamental castings. Its excellence as a moulding sand 
arises from the fineness of its grain, its porosity, great 
purity and smoothness; the latter property contributing to 
give a high face and finisli to the castings made with it. 
It is exported in considerable quantities to the Continent. 
The following is an analysis of the sand by Mr. Haywood: 


Silicates 


. Silica - 
Alumina 
Potash 
' Soda - 


Peroxide of iron, with a little manganese - 
Sulphate and carbonate of lime 
Phosphate of iron - . - . 

Free alumina 

Chloride of sodium (a trace) - - - 

Moisture, with a little organic matter 


84-00 

9*40 

0-54 

0-10 

4-00 

0-05 

0-01 

0- 40 

1- 30 


99-80 
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118a,— Upper green sand, a very fine pale cream- Upp r 
coloured eoft sandstone, locally termed Malm rockJ** ^:*iS*^* 

This rock has been found to contain 40*30 per cent, of 
soluble silica (that is, of silica soluble in solutions of caustic 
potash or soda, on boiling in open vessels), and 41*23 of 
insoluble silica, with 14 *50 of alumina, &c. It furnishes a 
rich soil for growing hops, &c. — From Farnham, in Surrey » 
Presented by J. M. Paine, 

118b. — Upper green-sand, very calcareous and hardened 
by the cementing lime. — One mile N, of Brixton^ L of Wight. 

119. — Thanet SAHiD (lower Eocene\ slightly calcareous, 
and containing an included pebble of flint. 

This sand forms the lowest member of the tertiary series, 
and occurs between the Chalk and the Woolwich and 
Reading Beds, in the district comprised between Sandwich, 
Canterbury, and the Reculvers. In the eastern portion of 
the London basin it atlains a maximum thickness of eighty 
to ninety feet, but disappears west of London, where the 
Woolwich and Reading Beds are based directly on Chalk. 

— Presented by Joseph Prestwich, Esq., F.R.S. 

119a. — Lower eocene sand, underlying the red mottled 
clay of the Plastic Clay series, No. 139a. — Fareham^ Hamp^ 
shire. Map 1 1 . 

120. — Portland sand. Soft sand, underlying Portland 
limestone. — Tishury, Wilts. Map 15. 

121. — Upper lias sand, slightly micaceous. 

Tliese sands were until lately classed with the inferior 
oolite. Now they are by some considered more properly to 
belong to the Lias group, the researches of Dr. Wright 
having led to the conclusion that the chief fossils are 
liassic. Other geologists consider them beds of passage. — 

North of BlacJiforcl, Somerset. Map 18. A. C. R. 

122. — Upper LI AS BAND. — Selzincote, Stow on-the-Wold, 
Gloucestershire. See ‘‘ Memoir on the Geology of the Coun- 
try around Cheltenham ” (Map 44), by Edward HiiU, p. 29. 

123. — ^Upper green sand. Soft bed, with small green 
grains, underlying No, GO*^Shafteshuryy DorseU Map 15, 
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GA^mr. 1 Used for making glass. — Har^^lU 

125. -- White sand. J Presented by Dr. Lee, F B.S. 

126. — Variegated eocene sands (from the Middle Bag^ 
shot Beds), — Alum Bayy Isle of Wight, 

127 — ^Marlstone. — Upyer Lias, locally called “ brown 
rock.'' Very calcareous, hard, marly sandstone, with fossils: 
Rhynconellg tetrahedra, — ^It is very tough and durable, and 
has been used for a building material in many of the old 
churches in Marlstone districts ; also used for road metal. 
— Dursley^ Gloucestershire, 

128 , — Marlstone, Upper Liasy with casts of fossil 
shells. TerehratulcSy Rhynconellce^ and Belemnites , — West- 
combey Somerset, 

129, — Marlstone (another specimen). Softer, micaceous, 
more sajidy, and less calcareous. Contains fossils ; Aviculccy 
CardinicB , — Vineyard Farm^ Cheltenham, 

130, 181. — Variegated marl {Old Red Marl), From 
the lower part of the Old Red Sandstone series, where the 
beds are chiefly marly. 130 is calcareous, forming an im- 
perfect Q>ovji^ioi\^,——Mitcheldeany Gloucestershire, 

132. — Variegated new red marl. — {Keuper), The red 
marl countries are usually rich in fruit trees, and produce ex- 
cellent cider and perry.— Westhury, Gloucestershire, Map 1 4. 

133. — Clay {Gault)y used for making bricks. — Dintony 
Wilts, Map 15. 

1 33a. — L ondon clay, used for making bricks for the forts 
at ElsoUy near Gosporty Hampshire, Map 1 1. 

134. — Clay {Lower Lia$)y used extensively for making 
bricks and tiles. See ‘‘Memoir on the Geology of the 
Country round Cheltenham” (sheet 44), by Edward Hull, 
p. 15. — Stonehousey Gloucestershire, 

Nos. 129 to 134 show a gradual passage from sandy into 
clay beds. 

135. — PipB C5LAY, used in the manufacture of china and 
earthenware. — From the Lower Bag shot BedSy south of 
Corfe Castle, Dorset, Presented by the Messrs. Pike, 
Wareham, 58,840 tons of this clay were shipped from 
Poole in 1867 ; of these, the finer kinds are used for making 
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earthen and atone ware, while the inferior qualities are used 
in the manufacture of alum. Map 16. — 

135a. — P ipe clat, from Lower Bagshot Beds, used for^ 

. making stone ware, blacking jars, 3»c. 

1^5b. — P ipe clay, from Lower Bagshot Beds, used for 
making bricks, &c. 

The following analyses of tlie pipe clay of Branksea 
Island, by Professor Way, is extracted from a paper by 
J. Trimmer, F.G.S., in the ‘‘Journal of the Royal Agri- 
cultural Society of England,” vol. xvi. part 1 : — 



White Clay. 

Black Clay. 

Silica - * - 

- 65-49 

72-23 

Alumina 

- 21*28 

23-25 

Oxides of iron 

- 1*26 

2-54 

Alkalies and alkaline 

earths 7*25 

1-78 

Sulphate of Lime - 

- 4*72 

0-00 


100-00 

99*80 


Branksea Island, Dorset Map 16. Presented by Col. Waugh. 

136. — Pipe clay, with bright red ferruginous laminae ; 
from the Lower Bagshot Beds, — Alum Bag, Isle of JVight 
See Forbes’s “ Memoir on the Isle of Wight,” p. 139. 

The clays 135 and 136 contain fossil leaves. See 

Wall-cases 57 and 58. 

137. — Clay, containing small rounded fragments of Chalk, 
forming a part of the drift of Suffolk, and used for making 
bricks. — Hitcham, Suffolk, Presented by Captain Ibbctson. 

138. — Clay, filling a fault between New Red Sandstone 
and Wenlock Limestone , — Wood Green, Mag Hill, Salop, 

139 . — Red mottled ci^ay, from the lower part of the 
Plastic Clag series, used extensively for making coarse red 
earthenware. 

Some of the oldest potteries in England have obtained 
their clay from the pits in the locality, which still furnish 
sufficient coarse pottery to supply the neighbouring districts, 
— Crendle Common, near Cranborne, Dorset, Map 15. 

139a.— Red mottled clay {Plastic Clag), used for making 
coarse pottery. — Fareham, Hampshire, Map 11. 
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140. ~Clay, occurring in thin bands in Upper Qreen 
Sand, — Shaftesbury, Dorset 

141. — Clay, from beneath the “sulphur coal,” Coalbrooke 
Dale : used for making coarse pottery. — Broseley, Salop, 

1 42. — Fullers’ earth clay, Northleach, Gloucestershire, 
These beds, which are sometimes 150 feet thick, were first 
called the “ Fullers’-earth clay,” by William Smith, because 
in places they contain that substance. The name applied to 
the whole “ formation ” has passed into geology. — ^A. C. R. 

142a.— "Fuller’s earth or Walker’s Earth, from Lower 
Ludlow rock, — Hales^ End, Malvern, Worcestershire* 

142b. — Fuller’s earth ( Walker's Earth) from Woolhope 
limestone, -’^Malvern, Worcestershire, 

143. — Upper lias clay, Northleach— Gloucestershire* 

144. — Clay, containing recent shells. Compare with 
154 and 155. Under favourable circumstances the shells of 
144 might become fossilized like those of 154 and 155. — 
Outside the Chesil Beach, Weymouth, Dorset, Map 17. 

145. — Sandy pipe clay, containing numerous leaves of 
trees. {From Plastic Clay), — East Bloocworth, Dorset, 

146. — Argillaceous shale (from Coal Measures), with 
impressions of ferns; overlying the “lowery vein.”— 

of Dean, Gloucestershire, 

147. — Fire clay, (from Coal used for making 

fire bricks. — Stourbridge, Worcestershire, 

148. — Fire clay, with rootlets of Stigmaiia, (from Coal 
Measures), locally termed “ under clay,” from its mode of 
occurrence immediately under the seams of coal. — Forest of 
Dean, Gloucestershire, 

149. — Fire clay {from Coal Measures), exhibiting part 
of a root and rootlets of Stigmaria, — Glascote Colliery, 
Tamworth, Vertical Sections, sheet 21, No. 1. 

150. — ^Fire clay (from Coal Measures), locally termed 
“ over clay,” with impressions of ferns, — Forest of Dean, 
Gloucestershire, 

151. — ^Fire clay, containing rootlets of Stigmaria (from 
Goal Measures), — Donnington Wood, Salop, 

1 52. ^Calcareous shale ( Wenlock),^Rock Farm near 
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Longhop€y Gloucestershire. This rock is in places so soft, xJpfm 
that it is used for brickmakiiig, and in other localities, where GAuast; 
it has been subjected to greater pressure, it forms slabs and Wall*oa«e4i 
slates. — A. C. R. 

153 . — Kimebidge clay, containing numerous fossil shells. 

— Seend Bridge^ Devizes, Wilts. Map 14. 

154 . — Shalt clay, Oxford Clay, with fossil shells ; from 
near Sherhome, Dorset. — ^Presented by the Marchioness of 
Westminster. Map 18. 

155 . — Shalt clay, Kimeridge Clay, from the upper beds, 
containing fossil shells. — Chapman's Pool, Isle of Furhech, 

Dorset. Map 16. 

155 to 162 show a gradual increase of carbonaceous 
matter, indicating a kind of imperceptible gradation from 
shale to coal. 

156. — Alum shale ; Coal Measures. — Scotland. 

157. — Kimeridge clay. Little Kimeridge Bay, Dorset, 
bituminous shale used for manufacturing naphtha, &c. 

This clay is strongly impregnated with bitumen, which 
causes it to give out a very disagreeable odour when 
burnt. It burns very readily, with a yellowish, rather 
heavy, and smoky dame, but owing to the large quantity 
of earthy matter it contains, combined with the disagi’ee- 
able smell evolved during the process of combustion, it 
is unfit for being employed as fuel. The people of the 
neighbouring district formerly made use of it for this pur- 
pose. A manufactory was erected at Wareham a few years 
ago, for the purpose of extracting the volatile oil or spirit, 
and grease, &c., which were obtained from the shale by dis- 
tillation, but the works were ultimately abandoned, in 
consequence of the disagreeable smell given out by the 
products in burning, which could not be effectually i*emoved. 

The residue, left after the distillation of the shale, formed 
a porous kind of coke, consisting of alumina and finely 
divided carbon, which has been used for manure, and has 
proved highly beneficial for the growth of turnips. Circular 
pieces of shale, about the size of a penny, and apparent^ 
turned in a lathe, have been found in great numbers buried 
in barrows, &c., in the Isle of Purbeck. This Kimeridge 
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Uppbb coaUmoney^ 2 ^ it has been called, is supposed to har^ 
Saxjabt. jjQ^ye tokons by the 

T»U-c*«e4l. ancient inhabitants. — H. W. B. 

158. — Carbonaceous shale, termed black bass^^ in 
Lancashire, and black slag'* in Flintshire, foiming the 
roof of Englefield Colliery, Holywell, Flintshire. “Batt*' 
or *‘Bass” is a highly bituminous shale, commonly very 
compact, and splitting into the finest laminse, almost in- 
variably black, and often interstratified in layers with the 
coal. (See “ Records of School of Mines Jukes on the 
“ Geology of South Staffordshire Coal Field,’’ p. 161). 

159. — Carbonaceous shale, with distorted Posidonia, 
from the culm measures. — Bickington^ North Devon. 

160. — Carbonaceous shale, from Coal Measures. — 
Madeley Pit, Salop, 

160a. — Carbonaceous shale, or Lignite, from Torbane 
Hill, Stirlingshire. 

161. — Cannel coal. — Iron Bridge, Salop, 

Cannel coal is a corruption of the word candle, which 
has been applied to a particular description of coal, from 
the bright flame, like that of a candle, which it gives out in 
burning. In Scotland, this coal is called parrot, from the 
loud cracking noise with which it flies to pieces when placed 
upon the fire. It is a bituminous substance, and is said to 
have l>een formed from decomposing vegetable matter in 
water, in the finest state of division. It differs from the 
purer kinds of ordinary coal and jet, from its containing 
extraneous earthy impurities, which render it specifically 
heavier than water ; jet, on the contraiy, being lighter. It 
is hard enough to take a fine polish, and is made into ink- 
stands, snuffboxes, beads, and other articles. — H. W. B. 

161a. — Cannel Coal : Glascote Colliery, near Tam* 
•worth, Warwickshire, See Vertical Sections, No. 1, sheet 21. 

162. 162a. — Coal, from Upper Coal Measures, with a 
laminated structure, and circular concentric concretionary 
markings. — Bullock's Farm Pits, near Span Lane^ West 
Bromwich, South Staffordshire. See Jukes’s “ Memoir on 
South Staffordshire Coal Field,” i)p. 159, 160 ; also map 62, 

’ and vertical sections, sheet 18, Np. 25. 



00AL6 AND SANDSTONE. 69 

The specimens Nos. 162 and 162a were taken from a bed Upper 
of Coal^ 10 inches thick, resting on 3 feet 8 inches of 
fire-clay ; ‘^Part of the 10-inch coal is shaly and rotten, but 
about two inches of it is a beautifully bright coal, highly 
bituminous, very brittle, with curious circular concentric 
concretionary markings.” (See 162a,) 

163. — Anthracite coal, from Coalbrooke^ between 
Slannon and Llangyndyrn, Caermarthenshire. Anthracite 
is so called from avBpa£y (charcoal). In general it contains 
from 80 to 95 per cent, of carbon, with 4 to 7 per cent, of 
water, and a variable proportion of earthy matter. It is 
difS.cult to ignite, but, when ignited, it burns without dame 
or smoke, and gives out intense heat, leaving very little 
residue in the shape of ashes. — H. W. B. 

164. — Anthracite coal, from Pont-^-Berein, or Coal 
Brooky Caermarthenshire. 

165. — Coal, with a peculiar structure, locally termed 
“crystalline, or cone-in-cone.” — Merthyr Tydfil, Glamor^ 
ganshire. Presented by W. Crawshay. 

166. — Slightly argillaceous sandstone, interstratified 
with coal,^ow Baremoor Pit, South Staffordshire. In the 
Baremoor pit, a large oval cake of sandstone, 286 yards 
wide, and upwards of 400 yards long, is interposed in the 
measures, gradually cutting out bed after bed of the coal. 

“ This mass of sandstone was very dne-grained, rather soft, 
slightly argillaceous, not at all differing from the usual 
argillaceous sandstones of the neighbourhood, which puss 
under the name of ‘rock’ or ‘rock-binds.’” It was not 
only interstratified with the coal en masse, but at or near the 
junction of the two, they each split up into many beds that 
interlaced with the utmost regularity. Beds of sandstone 
2 or 3 feet thick, extended many yards into the coal, gra- 
dually thinning out and splitting up, so that hand specimens 
could be procured of alternations of bright coal and pale 
sandstone, each little bed not being more than one tenth of 
an inch in thickness. Similarly, did small beds and thin 
laminae of coal stretch into the mass of the sandstone ; a few 
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masses also, a foot or so in thickness, sometimes 
— ^ occamng suddenly, not as detached fragments, but as little 

inde|>endent beds in the sandstone. (See ‘‘Records of 
School of Mines,” vol. i., part 2,, pp. 183-5. Jukes.) 


On the mode of the occurrence of Coal^ and the manner in 
which it was formed. 

Though coal occurs of diflPerent geological ages in various 
parts of the world, — ^in Europe, North America, and most 
other countries, — ^by far the greater proportion of valuable 
workable coal occurs in the Carboniferous (Coal Measure) 
series. In other formations, as in the Oolites of Yorkshire 
and Scotland, it is exceptional, and of little value. In 
Wales and the South of England the coal*bearing strata lie 
above the Carboniferous or Mountain Limestone. In the 
North of England and in Scotland, beds equivalent to the 
Carboniferous limestone of the south become interstratified 
with strata of sandstone, shale, and coal. 

It is easy to trace every possible gradation from common 
shale into true coal, by the gradual admixture of car- 
bonaceous matter with ordinary muddy sediment ; for coal 
is a truly bedded rock, and, in its purer states, may bo 
defined as consisting of beds of minerali^sed vegetable 
matter. Those are interstratified with beds of sandstone, 
shale, and ironstone. The South Wales coal field afibrds a 
good example. The Carboniferous Limestone underneath 
the Coal Measures is there, where thickest, about 2,500 feet 
thick ; the overlying Coal measures about 12,000. In this 
there are about 100 beds of coal, of varying thickness ; and 
underneath each bed of these is the underclay, (often fire 
clay,) containing Stigmaricc, (Sec specimens 148, 149, and 
151 ; also Coal-measure cases in the Lower Gallery, Nos. 44 
to 54). This underclay was the soil on which the plants 
grew that formed the coal, and the coal itself is the mine- 
ralized vegetation formed partly by the decay of the 
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SigillaruBy of which Stigmarim were the roots,* It is 
Bot unlikely that after an early stage the decaying vegetable — 
matter that went to form coal, in some respects resembled 
peat moss, which, in a humid and equable climate, accumu- 
lated with considerable rapidity. 

The strata that lie between the beds of coal frequently 
contain numerous impressions of Tree-ferns^ Ferns, Cata- 
mites, Trees allied to Lycopodiums, and other vegetable 
remains. Other strata contain freshwater estuary or 
lagoon shells {XJnio, Anthracosia^ Cypris, &c.); some are 
charged with Froductas, and other marine mollusca ; and 
occasionally plants have been entombed with both. In 
Haddingtonshire, on the coast of the Firth of Forth, east 
of Dunbar, beds of thin coal, underlaid by underclay, with 
StigmaricB, are sometimes immediately overlaid by limestone 
charged with Froductas, Spirifers, and remains of fish. 
Without entering into details, it is therefore evident that 
these interstratifications of coal, wnth other strata, indicate 
alternations of marine, estuary, lagoon, and piudiaps even 
terrestrial conditions, and the lowest bed of coal in the 
South Wales coal field being about 12,000 feet below the 
highest l>ed of these Coal Measures, the whole mass of 
stratified deposits must have been formed during a period 
of average slow depression of the area, varied by pauses, 
during which part of the space w^as probably converted 
into salt marshes, where, under favourable conditions, the 
plants grew, by the decay and accumulation of w^hich large 
strata of vegetable matter were prepimed for being mine- 
ralized, or changed into coal. This was evidently effected 
by chemical changes, under pressure caused by the accu- 
mulation of overlying strata. 

The coals (of the Coal Measures) may bo broadly divided 
into three kinds: common (“bituminous”) coal, anthra- 


♦ StigmariiB were first observed by Sir William Logan to be con- 
stantly present in the Welch underclays, and he connected this circum- 
stance with the occurrence of the overlying coal. Mr. Binney, nf 
Manchester, first proved Stigmariee to be roots of SigiUariof, 
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cite, and cannel or parrot coal. Analyses of two varieties 
of common coal, from South Wales, give the following 
results : — 


Carbon 

- 71*08 - 

. 90*94 

Hydrogen - 

- 4*88 - 

- 4*28 

Nitrogen 

. 0-95 - 

- 1*21 

Sulphur 

- 1-37 - 

- 1*18 

Oxygen 

- 17*87 - 

- 0*94 

Ash 

- 3-85 - 

- 1*45 


100*00 

100*00 


An anthracite from Swansea gave : — 

Carbon - . - 92*56 

Hydrogen - - - 2 * 33 

Oxygen and hydrogen - 2*53 

Ash - - - - 1*58 

Loss - - - - 1*00 


100*00 


In Wales the same beds of coal sometimes change, by 
degrees, from bituminous into anthracitic coals, in their 
passage from east to west. It will be observed that as a 
rule anthracite coals are richer in carbon and poorer in 
hydrogen than bituminous coal ; and the change seems, in 
general terms, to have been that a proportion of the carbon 
of the coal went off in the form of carbonic acid, and 
another portion as carburetted hydrogen. The propor- 
tionate quantity of hydrogen thus diminished, whilst the 
carbon became more concentrated. The change is analo- 
gous to that which takes place in the manufacture of coke. 
In that part of South Wales where these changes take 
place, the district occupied by the anthracite is much more 
disturbed than that occupied by the bituminous coal, and 
in South Pembrokeshire syenitic and other igneous rocks 
have been intruded amongst them — A. C. Ramsay. 
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167. — Gkaptolite shale from Llandeilo flags. — Conway^ 
North Wales. 

168. — Arenaceous hardened gritty shale {of Cam- 
brian date\ the surface covered with very fine ripple 
marks. — Longmynd Hills^ Salop. 

169 and 170. — Argillo-arenaceous slate, very fine 
and soft: cleaved. — Qtiarry near Black Head, St. Austell 
Bay^ Cornwall. 


Uma 

Galiabt. 

Wall.auie41. 


The specimens in the lowest shelf are mixed, being many 
of them of sizes too large for the higher shelves. Most of 
them represent ripple marks, and various other surface 
markings incidental to sea bottoms. 

171. — Argillaceous limestone, containing iron pyrites, 
carbonaceous matter, and the coprolites, teeth^ and other 
remains oifish^ Ichthyosauri^ &c. This bed, called the “ bone 
bed,” formed an ancient sea bottom at the base of the Lias, 
between the latter formation and the New Red Sandstone. — 
From Westbury-on- SeverTi, Gloucestershire. (See “Me- 
moirs ” by the late Mr. Strickland ; “ Proceedings of the 
Geological Society, vol. iii., pp. 585, 732, vol. iv., p. 16 ; 
“ Transactions of the Geological Society,” vol. v., p. 331 ; 
also “Memoirs of the Geological Survey of Great Britain,” 
pp. 281-284, vol. 1 ., Geological Map No. 35, and Horizontal 
Sections No. 12; also “The Geology of the Country around 
Cheltenham,” sheet 44, by Edward Hull, F.G.S. p. 16.) 

This bed, and some of those immediately associated with 
it, have been classed with the Keuper stt*ata, by Sir Philip 
Egerton, in consequence of the presence of certain genera of 
fish. Mr. Strickland, and most other geologists, considered 
them to be Lias. They may be, probably, the attenuated 
representatives of the Koessen beds of the Austrian Alps. 
For a condensed account of these, see Supplement to the 

5th edition of Lyell’s “ Elements of Geology,” p. 26. 

A. C. R. 

172. — Upper Silurian bone-bed (top of the Upper 
Ludlow rocks), containing bones^ coprolitesy — Ludlow ^ 
Salop. 
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273. — OrsTBB BBD^ ^ middle Purl^eek^ loctiUy 

** cinder,** 

This bed, which is well displayed in Durlston Bay, is a 
mass of oysters, ( Ostrea distorta,) twelve feet thick, asso- 
ciated with Trigoniay Cardium, and other shells. It is 
purely a marine formation. In this bed, the late Professor 
Edward Forbes found, for the first time, the Echinoderm, 
called by him Hemiddaris Purbeckensis, (See Vertical 
Sections No. 22, and Map No. 16.) 

174. — Coral rag, with double burrows of sand worms 
(Arenicola), kc. — ^Between Dairy Home, and Abbotsbury 
Cattle, Dorset, Map 17. 

175. — ^Part of a CONSOLIDATED RECENT BEACH now in pro- 
cess of formation. Red Wharf Bay, Anglesea, — ^Presented 
by Mr. J. D. T. Niblet. The consolidation is a result of the 
percolation of carbonated \rater, which dissolves part of the ' 
lime of the shells, and evaporating, re-deposits it among the 
fragments of stone and shell, thus cementing them together. 
—A. C. B. 

176. — slower Llandovery rock, with peculiar surface 
marks. — Aberystwith, Cardiganshire, 

177. — Carboniperods limestone, bored by marine 
animals {Lithodomus), — Murdercombe Bottom, near Frame, 
Somerset, (See “Memoirs of Geological Survey,” vol. i. 
p, 291.) Map 19. 

Over a great portion of the district from which the spe- 
cimen is taken, the Inferior Oolite rests unconformably on 
subjacent older rocks, partly on Carboniferous Limestone, 
and partly on Old Red Sandstone. 

“Not only is a large portion of the area, wherein the 
Inferior Oolite is seen to rest on the Carboniferous Limestone, 
observed to have presented a marked even surface, viewed 
on the large scale, for the deposit of the fonner, bht, 
throughout, this surface has been drilled into holes by 
lithodomous animals, which must have existed in the sea at 
the commencement of the Inferior Oolite. The holes which 
were observed by Professor John Phillips, in 1829, are of 
two kinds, one long, slender, and often sinuous, extending 
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several inches into the carboniferous limestone, the other q^Sbt. 
entering that rock a short distance only. In the former we 'v\rau]!Sie 4 i 
find no traces of shells, in the latter we often discover them 
in the situations in which they lived. In both holes we 
find the matter of the Inferior Oolite, which entered them 
from above at the time of its deposit.” — De la Beche. 

177a. — Devonian limestone, from the breakwater, Ply- 
mouth. Bored by Saxifaga rugosa. Placed here for com- 
parison with No. 177. 

178. — ^PuRBECK LIMESTONE, the Surface of the bed covered 
with ripple marks, Cypris^ &c. From the Cypris shales of 
the Upper Purbeck. — Mewps Bay^ Isle of Purbeck, Dorset, 

(Sec Vertical Section, No. 22.) 

179. — ^Permian sandstone, exhibiting a combination of 
ripple marks and sun-cracks. — Alherbury^ Salop, (See 
p. 66). Sun-cracks in rocks have been frequently formed 
on soft strata, lying probably between high and low water 
mark. In such cases the cracked and dried lines have been 
filled after an interval by other sediment, sometimes finer, 
sometimes coarser than the surface on which the crack was 
made, and it therefore happens, that after entire consolida- 
tion, when the strata are split, the lines of the original 
cracks become visible, and often on the bottom of the upper 
bed stand out in relief. — A. C. R. 

180. — Ripple marks, annelid tracks and sun-cracks on 
Keuper Sandstone. — Digh House^ near Warwick, 

181. — Ripple marks and sun-cracks, from the Lower 
Lias Limestone, This specimen consists of two beds, on the 
surface of which the ripple marks run transversely to each 
other. — Loicer Penarch^ 4 miles South of Cardiff) Glamor- 
ganshire, 

182. -— Small ripple marks on Old Red Sandstone. 

183. — Ripple marks on white beds of the New Red 
Sandstone, — Cubingtoriy near Leamington^ Warwickshire, 

184. — Sandy limestone with surface markings ; from 
the “Horseflesh” beds of ihe Middle Purbeck^ near the fifth 
milestone, on the east side of the road toBridport. — Upwey^ 

Dorset, Map 17. 

E 
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gSlSbt 185.— ^Lias bone bed with surface markings*— Wesibury^ 

— ’ on- Severn^ Gloucestershire. 

Waii-cwie4i. jgg — Deep ripple marks on Old Red Sandstone. 

187. — ^PuRBECK LIMESTONE with fucoidal markings, from 
the limekiln quarry. — Kingston^ Dorset 

188. — Keuper sandstone, exhibiting in relief the cracked 
markings of a dried surface. — Newent^ Gloucestershire. 

189 and 190, — ^Lias bone bed, (see Nos. 171, 181, and 
1 85). — Westbury-on- Severn, Gloucestershire. 

191. — slower Llandovery rock with fucoidal markings. 
— Aherystwith, Cardiganshire. 


Wan-caae 4 a. WaU-case 42. 

Flint, Chert, and other vSiliceous Bodies, contained in 
rocks of various kinds. 

Arranged and described by H. W. Bristow. 

A large part of the specimens in this case are chalk flints. 
These generally occur in layers, chiefly in the upper part of 
the chalk. It has been pioved by Mr. Bowerbank that 
in almost all cases these bedded flints are silicified sponges. 
This remark also applies to many other flinty and cherty 
bodies, which occur in the lines of bedding of oolitic and 
other limestone rocks. The external forms of these bodies 
are often themselves suggestive of their origin, and when 
properly sliced, polished, and examined with the microscope, 
the minuter structure becomes apparent. — A. C. R. 

1. — Two specimens of plii^t from the Chalk. 

2, 3. — Chalk flint, the interior lined with mammillated 
chalcedony. 

4. — Chalk flint. — Freshwater Bay, Isle of Wight. 

5. — Chalk flint, showing surfaces fractured prior to its 
deposition in the drift. — Hitcham. 

6. — Chalk flint. — Arreton Down, Isle of Wight. 
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7. — Chalk plint. — Freshwater Bay^ Isle of Wight. Uppbb 

8. — ^Large specimen of chalk flint ; apparently, from its 
stained exterior, from tertiary beds immediately overl 3 ring WaU-ca8c4i. 
a denuded surface of chalk. 

9. — Chalk Flints, Guildford^ Surrey. Presented by 
Colonel George Twemlow, Bengal Artillery. 

10. — Flint, showing an agatiform structure dissected out 
on a fractured surface. — Swaffham, Norfolk. 

11. — Flints, with white spots, and exhibiting a charac- 
teristic conchoidal fracture. — Swaffham, Norfolk, 

12. — Chalk Flint, containing the cast of a decomposed 
sponge. — Brixton Down^ Isle of Wight. 

13. — Three specimens of chalk flint, containing casts 
of decomposed sponges. — Arreton Down, Isle of Wight. 

14. — Flint, with a fossil shell {Plagiostoma spinosd) 
attached to its outer surface. — From the Upper Chalky 
Arreton Down^ Isle of Wight. 

15. — Chalk flint, the interior lined with minute crys- 
tals of quartz. — Arreton Downy Isle of Wight. 

10. — Chalk flint, from the junction of Chalk and 
Lower Tertiary, showing the peculiar green stains, fre- 
quently characteristic of flints occurring at the base of the 
Tertiaries. (See also specimen 8.) — Studland Bayy Dorset. 

17, 18 — Chert, overlying the sandstone beds Nos. 55 
and 60 (Wall-CSrSO 41) of Upper Green-Sand. Used 
for road material, for which, from its hardness and toughness, 
it is well adapted. — Shaftesburyy Dorset. 

19. — ^Polished chert in Carboniferous Limestone. — MaU 
lock Bathy Derbyshire. 

19a. — ^Polished specimen of chert, from Carboniferous 
Limestone. — Middleton Moor, Wirksworthy Derbyshire, 

20. 20a. — Chert in Carboniferous Limestone, — Matlock 
Bathy Derbyshire. 

21. — Chert, in Carboniferous Limestone. — Middleton 
Moory Wirksworthy Derbyshire. 

22. — Chert, containing minute crystals of quartz : from 
Carboniferous Limestone.-^Middleton Moory Derbyshire, 

E 2 
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(UiiSt — Chert, containing silicified Corals. From Carbonic 

— ’ ferous Limestone. — Masson Hilly Matlock Bathy Derbyshire. 

Wall-case 4£. 24 , — Chert, from Carboniferous Limestone.^Middleton 

Moory Derbyshire. 

25 . — Chert, containing casts of EncriniteSy from Carbo^ 
niferous Limestone. — Bakewelly Derbyshire. 

26. — Cherty Flint : Hard Cap ” from Lower Purbeck. 
Cliff east of Lulworth CovCy Dorset. See Map 16 ; Sections, 
sheet 56. 

27. — Chert, from Carboniferous LimestonCy showing a 
weathered surface. — Cromfordy Derbyshire. 

28 . — Chert, in dark-coloured carbonaceous beds of Car- 
bon fero?/s Limestone. (See ‘‘Memoirs of Geological Survey,” 
vol. i., p. 134.) — Cotvs Hill Quarry y Oystermouthy Glamor- 
ganshire. 

29. — Chert, forming the lower part of rocks which are 
the equivalent of Millstone Grit. — Pen-yr-HdnblaSy near 
Holywelly Flintshire. 

30. — CHERT,in Carboniferous Limestone. — Quarry y north 
of Clogrenan Quarri/y Queen^s Countyy Ireland. 

31. — Chert, from the upper calcareous beds of the Upper 
Green- Satid. — One mile north of Brixton, Isle of Wight. 

32. — Chert, from Upper Green- Sand. — ArretoUy Isle of 
Wight. 

33. — Cherty flint, from lower Purbeck beds Oakley 

Quarryy near Tuburi/y Wilts. 

34. — Cherty flint, from the upper beds of Portland 
Stone. — Oakley Quarryy Wilts. Map 15. 

35. 35a. — Cherty flint, containing fossil shells, and 
occurring in seams and irregular masses, and patches in 
Portland Stone. — Newtown QuarrieSy near Tisburify Wilts. 

36. — ^Flint, from the ragstone beds of Lower Green- Sand: 
used for roads. — Frotn the Ignanodon QuarrieSy MaidstonCy 
Kent. 

37 . — Milky Quartz, with chlorite, from a greenstone dyke 
traversing the slate quarries. — Llanberis, Caernarvonshire. 

Quartz of this nature has frequently been carried in 
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solution in water, probably sometimes hot, and deposited in Uppbs 
cracks along with other substances, some of which now help 
to form metalliferous lodes — A. C. R. Wall-cMe4J 

38. — ^Part of the silicified trunk of a coniferous 
TREE, probably allied to the pine ; from the “ pine-raft ” 

( JVealden), wliich covers the shore between high and 
low water marks, at Brook Point. — Bi'ixton Bay^ Isle of 
Wight, Map 10. Horizontal sections No. 47. 

39. — SiLiciFiED FOSSIL WOOD, from Gault, The bark 
pyritized. — Ridge^ Wiltshire, Map 15. 

40. — ^Part of the siltcifted trunk of a coniferous 
TREE, from the ‘‘ dirt beds” overlying Portland Stone, — Isle 
of Portland^ Dorset, Map 17. 

41. — Another specimen, from the Portland Stone Quarries 
at Neiotown^ near Tishury^ Wilts, Map 15. 

42. — ^Another specimen, partly converted into wood opal. 

— Newtown, near Tisbury, Wilts, 

43. 44. — Another specimen, from the “ submarine forest,'* 

— West Lulworth, Dorset, Maj) 16. Horizontal sections 
No. 56. 

45. SiLICIFIED WOOD. 

The specimens Nos. 40 to 44 occur in strata, called by 
the quarrymen the “ dirt beds.” These were the terrestrial 
soils in which the trees grew. Sonietiraes their stools are 
found erect, the roots spreading into the soils, and in other 
cases the stems lie prostrate. They lie very near the base 
of the Purbeck strata, a yellow limestone with cyprides 
lying imniediati^ly below. The area in which they occur, 
in Dorsetshire and Wilts, is comprised in maps 16 and 17, 
and the position of the beds is shown in horizontal sections 
Nos. 20, 22, and 56, and in vertical section No. 22 of the 
“ Geological Survey.” — A. C. R. 


Wall-case 43. 


Wal]>ca8o4] 


The higher shelves of this case contain limestones, ar- 
ranged not stratigraphically, but, as far as the sizes of the 
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Vtm specimens allow, generally with reference to their qualities* 
llllB highest shelf contains large specimens of various kinds. 

Wall.<siae«. xhe second and part of the third i^elves are devoted to the 
more solid and compact limestones, which, in Britain, chiefly 
lie in the older or palaeozoic strata. This peculiarity is, 
perhaps, partly the effect of mere age, partly of the repeated 
disturbance and greater pressure to which many of the 
older rocks of the British ai*ea have been subjected. Shelves 
3, 4, and o, from No. 40 onwards, partly contain Secondary 
and Tertiary limestones, chiefly Liassic, Oolitic, Cretaceous, 
and Eocene or Lower Tertiaiy. The Lias, and some of the 
shelly oolitic limestones, are comparatively hard, but as a 
rule, the latter are softer than the more ancient limestones. 
Many of the Oolites form ordinary building stones, and the 
chalk is the softest of limestones. This may be due in part 
to the circumstance that in general in England the second- 
ary rocks lie almost horizontally. They have been little 
disturbed, and no intense pressure has been applied to them 
comparable to that which has affected the old contorted 
strata. In the Alps, however, and other mountain regions, 
limestone strata of Secondaiy and Tertiary ages are as much 
indurated as our oldest limestones. 

In this Case, all the limestones not marked freshwater are 
of marine origin. The Carboniferous Limestone lies beneath 
the Coal Measures, aud in South Wales, Somersetshire, &Ci 
attains a thickness of 2,500 feet. The Lias limestones 
occur in bauds, aud are inters tratified with beds of clay. 
The Oolite limestones are often shelly, and oolitic, or com- 
posed of small rounded concretionary grains cemented to- 
gether, and sometimes these characters are mixed. The 
shelly character is well shown in 41, 69, and 72, aud the 
oolitic type in Nos. 58, 59, 60, and 74. The limestones 
are of all thicknesses up to about 100 feet, and on a large 
scale are interstratified with beds of clay and sand. Some 
of our chief building stones ai’e from the Inferior, Great, 
and Pcwtland Oolite. They are also occasionally burned for 
lime. — X* C. Ramsay. 
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Limestones, Ironstones, &c., aiTanged and described by 
H. W. Bristow. 

1. — PuRBBCK MARBLE. — Compact shelly limestone of 
freshwater origin, containing numerous casta of Paludina 
carinifera. — From the upper Purbeck beds, Peveril Pointy 
Swanage, Dorset 

This stone furnishes the Purbeck marble, which was 
formerly extensively used, and is still occasionally em- 
ployed in the construction of the slender shafts and columns 
of Gothic edifices, and for sepulchral monuments, instances 
of which occur in the Temple Church, London, and in 
Westminster Abbey ; likewise in Winchester Cathedral, for 
the tomb of William Kufus. The slender shafts and columns 
in the interior of Salisbury Cathedral are composed of 
Purbeck marble. (See also No. 9.) The Purbeck marble 
used in the older churches has sometimes a pinkish tint, and 
frequently weathers badly ; most probably it was procured 
from the neighbourhood of Swanage, from quarri(?s which 
are now exhausted. The stone raised at the present day, in 
other parts of the neighbouring district, is of better quality 
than the above, but has not the pink colour of the older 
marble. See map No. 16, and vertical section No. 22. — 
II. W. B. 

2. — Bala limestone, impure compact limestone, — Near 
Bala, Merionethshire, 

This limestone is about 20 or 30 feet thick, and is made 
up in great part of the relics of Silurian life. It is also in 
general very impure, owing to the mixture of ordinary 
sediment with the lime. — A. C. It. 

3. — Compact bituminous FREsiiWATEit limestone, 
Swanage, Dorset , — ^Part of the middle Purbeck limestone 
called the Feather Bed, and formed chiefly of the remains 
of bivalve shells, Cyclas or Cyrena , — H. W. B. 

4. — Stonbjspield slate ; fissile limestone, quarried ex* 
tensively for rooflng slates, — Benborongh, Gloucestershire, 


Uppbr 

Gallery. 

Wall-case 43 
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Upper This is an exceedingly variable series of beds, being 
— ' composed in some places of sandy dags, slates, and blue 
Wali-cMe48. limeg^ones ; and in others of white oolite freestone, with 
much false bedding, and not unlike the freestones of the 
Inferior Oolite. Where the beds become sandj and fissile, 
as at Sevenhampton Common, Througham, Eyeford, and 
Naunton, they are capable of being split into slates, which 
form a very suitable roofing material, especially for build- 
ings in the Tudor or other styles of Gothic architecture.” — 
(“ Memoirs of the Geological Survey “ The Geology of 
the Country rourd Cheltenham,” p. 53, and Map 44. Hull.) 

The rock is quarried in summer and exposed to the 
weather in winter, when it is split by the frost into thin 
slabs {generally hi the lines of false bedding), which are 
capable of being dressed into slates generally of a heavy 
kind. The manner of the formation of these slates must not 
be confounded with that produced by slaty cleavage. (See 
Wall-case 46, and p. 121 .)— a. C. R. 

5. — Carbonifekous limestone, compact limestone, 
chiefly composed of the jointed stems and detached rings of 
Encrinites, The lower beds of the Carboniferous Limestone 
are in places almost exclusively composed of Encrinites. 
Ill Pembrokeshire these Encrinite beds are 500 feet thick. 
— Melwnly, near Stanwick Hall, Yorkshire, 

6. — Shelly limestone, from the “freestone beds” of 
Inferior Oolite. — Bourton-on-the'-Hill, Gloucestershire. 

“ Above Bourton-on-the-Hill, there are several quarries, 
some of the beds are traversed by bands of pure haematite, 
in which the fibrous structure is apparent. There is also a 
band of what might be called a “Terebratula conglomerate,” 

4 inches thick, made up entirely of these and a few other 
shells cemented together. The shells are frequently hollow, 
and encrusted with calcareous spar.” (See “Memoir on the 
Geology of Map 44,” by Edward Hull, p. 39.) 

7. — Oolitic limestone, Great Oolite, from the upper 
zone of the great oolite. — Near the Birdfs Nest Inn, Burford, 
Oxon, (See the above Memoir, p. 63.) 
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8. — PuRBECK HABBLE, compact skclly limestone ^ prin- 

cipalJj composed of Paludina carinifera. (See No, 1 

Peveril Point, Swanage, Dorset. 

9 . — Cambrian limestone, a polished cube of red com- 
pact siliceous limestone. — Porth-felen, near Aherdaron, 
Caernarvo7ish ire, 

10. — Cambeian limestone, polished cube of compact 
limestone, or grey marble, used for making lime. — Bardsey 
Island, Caernarvonshire, 

This is an unfossiliforous inetamorpliic limestone, from 
the gneissic rocks of the Cambrian strata. It is from one 
of several small lenticular bands, all of which are usually 
very siliceous and difficult to polish, — A. C. R. 

11. — Wenlock limestone, polished specimen of Upper 
Silurian limestone, locally tcu'med Ledburtf marble^^ 
formed chiefly of small corals, — Malvern, Worcestershire, 
Presented by the Rev. Francis Dyson. 

11a. — Oolitic Wenlock limestone, (Upper Silurian). — 
Croft Quarry, Malvern, Worcestershire, Presented by the 
Rev. Francis Dyson. 

12. — Carboniferous limestone, compact and crystalline, 
formed chiefly of fragments of Encrinites. Used as a flux 
in iron smelting, “ Trivil white limestone.” — Sirhowy Iron 
Works, Monmouthshire, 

13. — Woolitope limestone, (Upper contain- 

ing fragments of trap rock, and rendered sub-crystalline by 
the neighbourhood of a mass of intrusive trap. Used in con- 
siderable quantities for making lime, — Near Old Radnor, 
Radnorshire, Map 56 S.E. 

14. — Encrinital jAUEsro^E, (Carboniferous Limestone^ 
chiefly composed of crinoidal remains. — Middleton Moor, 
Derbyshire, 

15. — Calcareous shale of Carboniferous Limestone, 
with Productus, — Campsie Hills, Stirlingshire, 

16. — ^Carboniferous limestone, compact grey limestone, 
underlying but not in contact with trap-rock, — Campsie 
Hills, Formed partly of Encrinites, Nos. 15 and 16 occur 
nearly together. 
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XSma^ 17. — Cabbonifebous limestone, compact limestone, 

Ga^bt. fQggii Corals and Encrinites on a weathered surface. 

Wall-case 43. — UousCy Mendip Hills, Somersetshire. 

18. — Wenlock limestone, {Upper /S^t/wnaw,) compact 
limestone, containing fossil shells, and the stems of Perie^ 
chocrinus moniliformis, or Dudley Encrinite. — Much Wen- 
lock, Salop. 

18a. —Wenlock limestone, polished specimen of shelly 
limestone. Fonned chiefly of Rhynconella and other shells. 
— Winning's Quarry, near Malvern, Worcestershire. Pre- 
sented by the Rev. Francis Dyson. 

19. — Aymestby limestone, {Upper Silurian,) compact, 
grey limestone, with Pentamerus Knightii . — Vietv Edge, 
Salop. 

20. — CABBONiFEUOtis LIMESTONE, light grey, compact 
Jiniestone, YfiiXi Productus Kind. Orthis. — Little Island, Cork, 
Ireland. 

21. — Permian j.imestone, compact, grey limestone, con- 
taining fossils, occurring in the marl of the Magnesian 
Limestone, which overlies the calcareous conglomerate of the 
Permian series. — Kirkby Woodhouse, Notts, 

22. — Carboniferous limestone, compact limestone, with 
Productm, — Near Cardiff, Glamorganshire. 

23. — Carboniferous limestone ; “ Cumbernauld lime- 
stone," compact, bituminous, and of a dark grey colour. — 
Scotland. — Presented by Wm. Muiray. 

24. — Wenlock i.imestone, compact, grey : “ Dudley 
LIMESTONE,” {Silurian,) with Corals and numerous stems 
of Crinoids. — Dudley, Worcestershire, 

25. — UrPER SILURIAN LIMESTONE, compact, grey lime- 
stone, with numerous fossil shells. — Near Church Stretton, 
Salop, 

26. — 11 ALA LIMESTONE, very impure compact limestone, 
exhibiting a weathered surface. (See No. 2.) — Vr Hwylfa, 
Yspy tty Evan, Merionethshire. 

26a. — Caradoc or Bala limestone, with Orthis ves* 
pertilio and 0. Actonice. — Y Gelli Grin, near Bala. 

27. — Devonian limestone. Brixham, Devon, 
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28. — Carboniferous limbstone, compact, light grey 
limestone, with numerous fossil Corals, on a weathered sur- 
face. — Middleton^ Derbyshire, 

29. — Compact light grey limestone, forming the lowest 
bed of the Carboniferous Limestone, — Forest of Dean^ 
Gloucestershire , 

30. — Carboniferous limestone, {Compact grey lime- 
stone,) — Murdercomhe Bottom^ near Frame ^ Somersetshire, 

31. — Compact grey limestone, containing bituminous 
matter. — Point Levi, near Quebec, Upper Canada, 

Presented by Sir William E. Logan, F.G.S. 

32. — Carboniferous limestone, encrinital limestone, 
chiefly composed of the stems of Crinoids, (See Nos. 5 and 
l4i,y^Mold, Flintshire, 

33. — Bala limestone, impure, compact, grey limestone, 
exhibiting a semi-concretionary (!haracter. — Ttco miles 
north-east of Bala, Merionethshire, 

The banded or moulded form of its weathered suiiacc 
arises from running water having dissolved part of the lime. 
It is also rudely and obliquely cleaved. 

34. — Carboniferous limestone, com[>act, grey lime- 
stone, from the carboniferous rocks, between Cockburnspath 
and Dunbar, Scotland, 

35. — Carboniferous loiestone, {light grey, compact 
limestone), — Mitcheldean, Gloucestershire, 

36. — Wenlock lbiestone, coralline limestone, princi- 
pally composed of Catenipora escharoides , — Wood Green, 
May Hill, Gloucestershire, 

Quarried for lime-burning. 

“ The Wenlock limestone is the grand source of lime for 
agricultural and building uses in the May Hill district, and 
is for these purposes extensively quarried, in long continuous 
channels, along the crests of woody hills, especially on the 
western side of the summit ridge of May Hill. In this 
feature the district resembles that of Ledbury, Woolhope, 
and Abberley. The composition of the limestone is very 
similar — locally rich in corals, irregularly aggregated into 
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gSSet compact rock, or separated into a multitude 

— * of nodular beds, with intervening soft shales. The solid 
Wall-case48. j^^gg^g limestone are locally termed “ Woolpacks.” They 
yield the finest and most abundant lime-flour, and seem 
to prevail along the high and prominent crests of the 
hills. The whole thickness of the Wenloc?: limestones, in- 
cluding the intervening beds, is about 220 feet. In the 
great majority of cases, throughout the Silurian regions, 
it is the lower part of the Wenlock limesi :ie which is quar- 
ried for lime-burning. This, in fact, is in almost every 
case the most sol'd (and in mass the purest) part of the 
rock. It generally requires at least one ton of coal for the 
calcination of four tons of limestone. In this lower 
part of the rock corals are very abundant.” (See “ Me- 
moirs of Geological Survey,” vol. ii., part 1., pp. 18o, 186. 
Phillips.) 

37. — Cakboxifekous liaiestone, grey, coralline lime- 
stone. — Near Wellington^ Salop » 

38. — Carboniferous limestone, compact, bituminous 
limestone, containing fossil corals. — Broten^s Hill Quarry^ 
County of CarlotVy Ireland. 

39. — Bai.a limestone, very impure limestone, with nu- 
merous qasts of Orthis Actonim. — Half a mile south of Pont 
Rhiwaedog^ Bala, Mcrionetlisldre. 

40. — Forest marble, shelly limestone^ forming the upper 
beds of the Great Oolite. — Bath., Somerset. 

This limestone usually shows much false bedding, and, 
like the Stonesfield slate, is frequently used for roofing 
purposes, and as slabs for flooring. 

41. — Forest marble, shelly limestone, formed chiefly of 
Oyster shells, — Frame, Somerset. 

42. — Oyster bed, in Portland stone, shelly limestone, 
locally known by the name of “ Purheck-PortlandJ^ — Isle 
if Purbeck, 'Dorset. 

This bed, eight feet in thickness, overlies the freestone 
beds of Portland stone which were formerly worked in the 
cliffs at Tilly- Whim. It consists of a mass of oyster shells 
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( Ostrea solitaria), cemented together by an infiltration of 
calcareous matter. Map 16. — 

43. — Fissile limestone, (Stones field slate), forming the ^ 

lower beds of the Great Oolite, and quarried for roofing- 
slates. (See Nos. 4 and 62.) — Stonesjield, Oxon. 

44. — ^Inferior oolite, Oolitic limestone, “to a large 
extent composed of shells, chiefly in a fragmentary state, 
cemented by oolitic carl)onate of lime.” — Leckhampton Hill, 
near Cheltenham, Gloucestershire. 

This “ shelly freestone bed ” occurs in the middle division 
of the Inferior Oolite, which furnishes all the building 
stone afforded by that formation in the district. (See 
“ Memoir on the Geology of Map 44,” ]). 35, and plate 2. 

Hull.) 

45. — Inferior oolite. Oolitic limestone, containing 
numerous Rhynconellce and Terebraiuhe. — Seise// Hill., 
near Stroud, Gloucestershire. 

46. — Inferior oolite, Oolitic limestone, containing 
fossils. (“ Freestone bed.”) — Lechhampton Hill, mar Chel» 
tenham. 

“ The upper freestone is twenty-eight feet thick at Leck- 
hampton Hill, and consists of regularly stratified oolite, 
compact, and not so highly fossiliferous as the remaining 
beds of the Inferior Oolite series.” (Hull, p. 39.) 

47. — Great or Bath oolite, Oolitic limestone, contain- 
ing fossils. — Stinchcomhe, near Stroud, Gloucestershire. 

47a. — Great or Bath ooiatf,, fossiliferous oolitic lime- 
stone. — Box Tunnel, Great Western Raihca//. 

48. — Portland stone, bituminous oolitic limestone, 
containing numerous casts of fossils, from tlie “ roach ” bed 
of Portland stone. — Portland Isle, Dorset. 

This bed underlies the “ cap ” and “ dirt ” beds, and is the 
uppermost stone quarried. Its average thickness is from 
three to four feet. (For further details in reference to 
Portland stone, I3e R. Hunt’s “Descriptive Guide,” pp. 

15 to 17.) The Roach bed is very hard, and is used for 
foundations of breakwaters, and in works where strength is 
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Uwaa required, but it will not bear a close even face. See Map 
17, and horizontal section, No. 20. — H. W. B. 

Wall-case 43. — CoRAL RAG, oolitic limestone^ — Woodhouse Cross^ 

near Gillingham^ Dorset, 

The Coral Rag of this district is burned for lime, and 
furnishes a stone fit for rough building purposes. Further 
south, at Mai-nhull and Todbere, it becomes a thick bedded, 
white oolite, which is quarried for freestone. Some of the 
neighbouring churches have been built of the stone from 
the last-mentioned quarries. Map 18. — H. W. B. 

50. — ^Inferior oolite limestone, ‘‘ Gryphite hed^^ from 
the ragstone or upper division of the Inferior oolite series. 
— Painswick Hill^ Gloucestershire. 

“At the fine old encampment on Painswick Hill, the 
ragstone is clearly developed. The rock is very fossiliferous, 
being charged with Gryphcea, Trigonia^ Modiola^ and Lima. 
The whole thickness of the zone cannot be less than forty- 
five feet.” (See “ Hull’s Memoir on Map 44,” p. 46.) 

5 1 . — Great oolite. White oolitic limestone^ containing 
fossils. — Hampton Common^ near Stroud, Gloucestershire. 

62. — Portland stone. Oolitic limestone, underlying 
the chalky limestone No. 97, and containing the car- 
bonised impressions of plants. — Oakley (Quarry, Tisbury, 
Wilts. 

This bed, termed by the quarrymen “ the devil’s bed,” is 
quarried for freestone, and used for buildings. When first 
extracted from its bed, the stone is soft, and of a green 
colour ; but it becomes harder and nearly white on exposure 
to the air, and after the quarry water has dried ofi*. It con- 
tains flints, both irregularly disseminated and in occasional 
layers. (See Wall*CES6, 42, Nos. 32 to 35.) — H. W. B. 

63. — Portland stone, Oolitic limestone (“ fretting bed ” 
of Portland stone). — Oakley Quarry, Tisbury, Wilts. 

In the Vale of Wardour the lowest beds quarried for 
stone are called by the quarrymen “ fretting beds.” They 
are hard, sometimes sandy, and of variable thickness, 
generally ranging from two to three feet. Flints occur 
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sometimes at the top and bottom of the bed. Map 15. — 
H. W. B. 

54. — CoRNBRASH LIMESTONE, quarried for lime-burning. 
( See No. 55.) — Bayford, near Wincanton^ Somerset Map 18. 

54a. — Rubbly limestone ( Combrash)^ with Terehratula 
ohovata and Rhynconella tetrahedra. — Chilcomhe^ Dorset 

55. — CoRNBRASH LIMESTONE. — Dorsetshire, 

This limestone in the south-ivest of England is never 
oolitic, and is generally marked by the fertility of the crops 
which grow on it. It is a loose rubbly rock, which seldom 
furnishes stone fit for building, but it is largely converted 
into lime for the improvement of poorer soils in the neigh- 
bourhood. Brash is a provincial expression, used to 
designate any stony soil, and is derived from the Saxon, 
hrecan^ to break (whence brcec^ broken). The word Corn^ 
brash, therefore, means the stony soil, suited for the growth 
of corn. Map 17. — H. W. B. 

56. — ^Fuller’s earth rock. — Cock, near Holton, So- 
merset Map 18. 

This limestone becomes well developed in Dorsetshire, 
where it is extensively quarried for lime for agricultural 
and other purposes. Like the Cornbrash, it is not oolitic, 
and furnishes a good soil. — H. W. B. 

57. — Fuller’s earth rock, oolitic limestone, with 
broken shells, and part of the stem of a plant. — Cottesicold 
Hills, near Cheltenham, 

The Fuller’s Earth is a clay, generally separating the 
Inferior from the Great or Bath Oolite. It varies from a 
few feet to 150 feet in thickness, near Bath, and contains 
thin bands of shelly limestone, the thickest of which is 
called the Fuller’s Earth Rock. — H. W. B. 
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58. — Coral rag, very fine oolitic limestone. — Coast near 
Weymouth, Dorset Map. 17. 

59. — Coral rag, pisoUHe or large-grained oolitic lime- 
stone, — Steeple Ashton, Somerset 

.60, — Inferior oolite. Oolitic limestone, composed of 
oolitic grains of hydrated peroxide of iron in a calcareous 
cement. — Dorsetshire, 
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cSimY lower part of the Inferior Oolite in Dorsetshire is 

represented by ferruginous beds, containing a large per- 
centage of iron, in the form of oolitic grains. 

61. — Disintegbated Portland stone, loose oolitic grains 
of carbonate of lime, from Portland beds, immediately 
underlying Gault. — Fonthill Gijfardy Wilts, Map 15. 

62. — Stonesfield si.XTE,^ssile shelly limestone^ quarried 
for roofing tiles. (See No. 4.) — Three miles east of Chel- 
tenham. 

G3. — Forest maiible^ shelly limestone. — Frome^ Somerset. 

64. — Forest marule, shelly limestone. 

65. — Fuller*s earth rock, impure grey shelly lime- 
stonCy formed of oyster shells. — Sapperton Tunnel^ six miles 
south of Stroud^ Gloucestershire. 

66. — Filler’s earth rock, shelly limestone^ formed of 
oysters and other shells. — Three miles east of Cheltenham, 

66 a. — Forest marble, shelly limestone^ with numerous 
oysters . — Westwell, near Burford, Oxon. 

67. — Forest marble, shelly limestone^ containing pebbles 
of clay and fragments of drift wood. — Frome^ Somerset. 

(See “ Memoirs of Geological Survey,” vol. i., p. 285.) 

68. — Forest marble, dark grey shelly limestone^ con- 
taining remains (Litliodomus inclusus). — Dorset. 

The Forest Marble of Dorsetshire aftbrds in general a 
cold and wet soil, which is converted for the most part into 
pasture. This is more particularly the case where the clays 
predominate. The stone. is quarried for flags, for building, 
and for road metal ; but it is not burned for lime, except in 
the neighbourhood of Bridport (Bothenhampton), probably 
in consequence of the superiority of the lime afforded by the 
neighbouring Cornbrash and Fullers’ Earth limestones. 

69. — Forest marble, shelly limestone^ partly oolitic, 
and containing Mytilus and numerous oysters. — Bibury^ 
Gloucestershire. 

(See Hull’s Memoir on Map 44, pp. 65 and 70.) 

69a. Forest marble (called Crackmore Marble) used 
for the chancel steps of the Abbey Church at Sherborne^ 
Dorsetshire. Presented by the Eev. Francis Dyson. 
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70 — ^Forest marble, shelly limestone^ with incliided 
pebbles of clay. These beds are quarried for flagstones, &c. 

Hilton^ near Wincanton^ Somerset* Map 18. 

71. — Forest marble, shelly limestone^ occurring in 
the form of tliin-bodded flagstones. — Westwell^ near Bur- 
fordy Oxon, 

72. — Forest marble, fissile shelly limestone^ composed 
partly of Oysters* Pectens, &c. — Chapel Knap, Melksham, 
Wilts. 

73. — Forest marble, shelly oolite, forming a band of 
impure limestone in Bradford clay . — Tetbury Road, 
Gloucestershire. 

The Bradford Clay consists of thin beds of clay, occurring 
here and there in the Forest Marble. At Bradford they 
contain Apiocrinus Parkmsoni. (See C8>S6 17.) 

74. — Inferior oolite, pisolitic limestone. — Lcchhampton 
Hill, near Cheltenham. 

This bed, locally termed “ pea grit,” forms the base of the 
Inferior Oolite, over the somewhat limited area where it 
occurs. Some of the nodules appear to be true concretions, 
and exhibit a series of concentric layers of calcareous matter, 
investing fragments of other materials round which they 
have formed; others, on the contrary, seem to be merely 
worn fragments of limestone, and present no appearance of 
any concentric structure. (See Edward Hull’s “ Memoir 
on Map 44 of the Geological Survey,” pp. 32-35.) 

74a. Oolitic Limestone, from upper beds of Inferior 
Oolite. — Nailsworth, Gloucestershire. 

74b. — Coral Rag : pisolitic limestone. — Buckland, three 
miles east of Farringdon, Berkshire. 

75. — PuRBECK limestone, impure limestone, called the 
“ devil’s bed.” — Sicanage, Dorset. Map 16. 

76. — ^Purbeck limestone, impure limestone, contain- 
ing numei'ous shells, of brackish-water origin, from the 
Carbula beds of the middle Pm*beck. — Durlston Bay, 
Dorset. 

(See Map 16; Vertical Sections, sheet 22.) 
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Upfsr 77. — ^PuBBECK Lihestone, compact grey shtlly lime- 

— ’ stone^ containing freshwater shells {Cyclas^^.') from the 
Wali-cttiie48. Vein of the Middle Purbeck : about 2 feet above the 

cinder bed. — Durlston Bay, Sivanage, Dorset 

(See Map, No. 16, and Vertical Sections, sheet 22.) 

78. — ^Purbeck limestone, from the marhle-rag beds of 
the upper Purbeck, — Peverel Point, Dorset, 

This bed contains much green matter, and its surface is 
covered with Unios, the scales and teeth of fish, numerous 
black Cyprides ( Cypris punctata), ^c, 

79. — ^Purbeck limestone, compact bituminous lime- 
stone, “ Pink bed,’* forming a pai*t of the freestone series 
of the middle Purbeck. — Swanage Quarries, Dorset, 

80. — Purbeck limestone, hard compact bituminous lime- 
stone, (“ Roach bed,” occurring in the freestone beds of the 
middle Purbeck.) The surface of the specimen is covered 
with Hydrobia, Cyrena, Ostrea, ^c, — Gully Quarry, near 
Swanage, Dorset, 

81. — Forest marble, sandy calcareous flagstone , — 
Frome, Somerset, 

82. — Purbeck limestone, thin bedded shelly lime- 
’ stone, of brackish-water formation, with numerous valves 

of Cyclas or Cyrena, — Limekiln Quarry, near Kingston, 
Dorset, 

83. — Purbeck limestone, compact freshwater lime- 
stone, occurring in thin bands in the upper cypris shales of 
the middle Purbeck beds, and containing numerous Cyclas 
or Cyrena, Paludina carinifera, Cypris, — Peverel Point, 
Swanage, Dorset, 

84. — ^Purbeck limestone, bituminous limestone, from 
the “freestone bed” of the middle Purbeck. — Swanage 
Quarries, Dorset, 

85. — ^Purbeck limestone, shelly freshwater limestone, 
with numerous Cyclas or Cyrena, — Swanage Quarries, 
Dorset, 

This bed, which occurs in the “ Lauing ” or “ Leaning 
Vein” of the middle Purbeck series, is called in the Isle 
of Purbeck “ Laper,” and is quarried for paving^stones. 
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86. — ^PuRBEOK LiBfESTONE, Aarc? hhie limestone^ chiefly 
C(Hnp086d of broken freshwater or estuary shells {Cyclas or 
Cyrena) with specks of green matter. — Peverel Point, 
Swanctge, Dorset 

From the upper part, probably, of the comminuted shell 
limestone of the Upper Purbeck series : at Peverel Point 
this bed attains a thickness of ten feet. It is used for build- 
ing purjmses, and is called soft burr ” by the quarrymen. 

87. — Lias limestone, she ly limestone. — (Lower bed of 
the White Lias.) — Char ton Bay, Lyme Regis, Dorset 

88. — ^Purbeck limestone, hard shelly limestone, made 
up of Cyclas, with Paludina, ^c. — Durlston Bay, coast of 
Dorset 

89. — Purbeck limestone, shelly limestone, brackish- 
water shells ; small Oyster, Cyrena, ^c. — Kingston, near 
Swanage, Dorset 

90 — Sussex marble, polished specimen of shelly lime- 
stone (fVealden), containing numerous freshwater shells 
{Paludina ). — Weald of Kent and Sussex. 

From the occurrence of this limestone in the Wealden 
of Sussex, it has received the name of “ Sussex marble,” 
and has been much used for ancient tombs and sepul- 
chral monuments. It bears a strong general resemblance • 
to the Purbeck marble (see Nos. 1 and 8), but may always 
be distinguished from the latter by the greater size of the 
shells contained in it. — H.W.B. 

91. — Middle eocene limestone, containing numerous 
casts of Paludina lenta. — One miU east of Ryde, Isle of 
Wight 

This bed is from the Nettlestone grit series, that is, 
from the lower member of the two divisions, into which 
the Osborne group was divided by Professor Edward 
Forbes. This last constitutes the upper portion of the 
middle Eocene. At the western extremity of the Isle 
of Wight, the Osborne series is represented by marls and 
clays, for the most part unfossiliferous, which, at the 
eastern extremity of the Island are replaced by grits and 
sands^ with imperfect limestones, clays, and marls. At 
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tie corner of Apley Wood a bed of calcareous sand- 
stone, about four feet thick (full in places of costs of Paiu^ 
dma, associated with numerous large Unio, LimntBOy Pla- 
iiorbis^ and occasional bones of Turtle) appears on tlie shore, 
beneath the sea wall, resting on ragstone, similar to that 
seen at Nettlestone, where it is 10 feet or more in thickness. 
The shells, which are as much crowded as in Sussex marble, 
(No. 90,) are sometimes filled with a greenish marl, and the 
rock itself is somewhat ferruginous, and of a pale ochreous 
colour.” See Geological Map No. 10, Vertical sections No. 
25, and “Survey Memoir on the Isle of Wight,” p. 128. 
(Forbes.) 

92 and 93. — Headox Hill limestone, earthy middle 
Eocene limestone^ of freshwater origin, with numerous shells 
of Planorbis^ — Hendon llill^ Isle of Wight. 

This limestone attains its greatest development at Headon 
Hill, from which circumstance it is generally called the 
Headon Hill limestone. It thins out gradually from the 
western extremity of the Isle of Wight, towards the north 
and east. (See Survey Memoir on the Isle of Wight,” 
plates 9 and 10, Horizontal sections No. 47, and Vertical 
sections No. 25. Map No. 10.) From the upper Headon 
series. 

94. — PuKBECK LIMESTONE, shelly limestone, principally 
composed of casts of Cyrena, from the intermarine beds of 
the middle Purbock. — Kingston, Dorset. 

In Dorsetshire, immediately resting on the “ cinder bed,” 
No. 173, CE86 41, occurs a scries of beds, partly of fresh- 
water, partly of estuary and marine origin. From this 
circumstance, they have been called the Intermarine 
series, by Professor Edward Forbes, in his classification 
of the Purbeck strata. In Durlstoii Bay, these beds attain 
their maximum thickness of 45 feet ; eostwai'd, in common 
with the great mass of the Purbock strata, they become 
much thinner. In the Isle of Purbeck, the Laning Veins, 
the Koyal, Freestone, and Downs Veins, the four principal 
veins quarried, all lie in the Intermarine series. 

See Map 16, and vertical section No. 22. 
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95. — ^Beubbidoe iX3SX.s,TOSis^upper Eocene, {freshviater) 

lime^me^Headon HUl, ItU of Wight Gammt. 

In consequence of its great development at Bembridge 
and Sconce Point, this limestone has been termed Bem- 
bridge or Sconce limestone ; it is also known by the name 
of the Bulimus limestone, from the frequent occurrence 
in it of that shell {Bulimtts ellipticus). (See Map 10, and 
Forbes, Memoir on Isle of Wight,” plates 9 and 10, and 
pp. 51 to 58 and 113 to 120, also horizontal sections No. 47, 
and Vertical sections No. 25.) This specimen contains the 
tooth of PalcBOtherium crassum, 

96. — Chalk jiarl with fossils, forming the base of the 
chalk. — One mile north of Brixtony Isle of Wight, 

It is burned for lime, and used for agricultural purposes. 

97. — ^PuRBECK LIMESTONE, earthy freshwater limestonCy 
from the Insect marls of the lower Purbeck. — North-east of 
Oakley Quarry (in a wood)y near Tisbury^ Wilts, Map 15. 

These marls contain comminuted fragments of plants in 
a carbonised state, and the wings and other remains of 
insects. In the Vale of Wardour, these beds arc much less 
developed than in the Isle of Purbeck. 

98. — ^Portland limestone, earthy limestone, — Oakley 
Quarry y Tisburyy Wilis, Map 15. 

In the Vale of Wardour, the upper beds of Portland 
stone, which overlie the oolitic freestone. Nos. 52 and 53, 
assume the character and appearance of ordinary Chalk, 
with irregularly disseminated flints. They contain numerous 
and perfect specimens of Trigoniay Oystery Cardiumy &c., 
and are burned for lime. 

99. — Chalk, earthy limestoncy with flints from the 
middle chalk. This specimen gives an idea of the manner 
in which flints lie bedded in Chalk. — Arreton Downy Isle of 
Wight, 

100. — Chalk, earthy limestone. This chalk fiirnislies an 
excellent manure. — Monotony near Cranborney Dorset, 

101. — Chalk, earthy limestone, — Monotony near Cran- 
barney Dorset, 



LIA6 LIM£StOK£S. 


86^. 

from a pit at a very short distance from that 
from which the preceding specimen (No. 100) was procured, 
this chalk does not prove equally beneficial as a dressing 
for land. 

102. — -Earthy limestone, the equivalent, probably, of 
Upper Green^Sand. — Hunstanton^ Norfolk. 

103. — Bed chalk, earthy red limestone^ probably equi- 
valent to the Gault — Hunstanton^ Norfolk. 

104. — Lower or White Lias, earthy argillaceous lime- 
stone, — Lyme Begis, Dorsetshire. Map 22. 

105. — Marlstone, argillaceous limestone^ from the Lias, 
containing shells and the broken stems of Crinoids. — From 
foundered blocks on the sea-shore between Down Cliff and 
Thomcombe Beacon, Dorset Map 17. 

106. — Lower lias, argillaceous limestone, with numerous 
fossil shells, with the valves united, showing the gaping 
position in which, after death, the shells lay filled with 
calcareous mud in the sea bottom. See p. 39. — Four miles 
south of Gloucester. 

107. — ^Lower lias, argillaceous limestone, with Lima, 
Oysters, and other fossils. — Freathern Cliff, near Newnham, 
Gloucestershire. Map 35. 

108. — Lias, polished slab of argillaceous limestone. 
From its occasionally curiously marked appearance, bearing 
a rough resemblance to ruins and trees, this limestone is 
sometimes called “ ruin or landscape marble,” and some- 
times “ Gotham marble,” from its occurrence at that place, 
in the neighbourhood of Bristol. It is found in thin layers 
in Lias Clay. Map 35. 

109. — Lias, argillaceous limestone, containing Oysters. 
— Two miles east of Newport, Monmouthshire. Map 36. 

The blue Lias limestones generally contain a good deal 
of clay, and are eminently useful as hydraulic lime, setting, 
it is said, bett€»r under water than the lime made from most 
other limestones. 

110. — Lower or ‘‘white argillaceous limestone, 
near the base of the Lias, with layers of bivalves (Avicula 
decusscLta) immediately overlying the hone bed, 'WaUt 
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case 41 ), Nos. 79, 171, 181, 185, 189, 190 Wesibury- 

on-Severn, Gloucestershire, 

The fossils of the white beds were said by the late Pro- 
fessor E. Forbes to indicate an inland brackish sea, like the 
Caspian. 

111. — Coal measure limestone, commonly called the 

Freshwater limestone from Upper Coal Measures, — Le 

Botwoody Shropshire, 

112. — Coal measure limestone, commonly and erro- 
neously called Freshwater limestone ivom the upper part 
of the Warwickshire Coal Measures, — Baxterlej/y near 
AtherstonSy Warwickshire, 

This limestone is only about two or three feet thick, and 
runs in a long band near the junction of the Carboniferous 
and Permian rocks of Warwickshire. Its only fossil seems 
to be Microconchus Carhonarius, It is probably the equi- 
valent of 1 1 1 and 119. 

113. — Carboniferous limestone, argillaceous limestoney 
from the lower beds of Carboniferous Limestone. — Forest 
of Deany Gloucestershire, 

114. — ^Lias limestone, dolomitic ; forming the lowest 
bed of the Lias. — Parcy two miles north-west of Bridgendy 
Glamorganshire, 

See “ Memoirs of Geological Survey,” vol. i., p. 270. 

1 15. — Dark grey argillaceous limestone, from the 

upper beds of Carboniferous Limestone, — HenblaSy near 
Holyweliy Flintshire, ^ 

When burnt, this limestone furnishes a hydraulic cement, 
and is called hydraulic limestone,” or, in Welsh, “ carreg 
aberdo.” 

116. — Lias limestone. Concretionary argillaceous lime- 
stone, in a sandy marl, at the base of the Lias. — Westbury- 
on- Severny Gloucestershire, 

This specimen, on a weathered surface, shows the con- 
cretionary structure of the rock. 

117. — Argillaceous limestone, occurring in tabular 
beds in the softer strata of Kimeridge shcUe, on the coast of 
Dorset. It has been extensively worked ior cement stone , — 
Broad Benchy Dorset. Map 16, and horizontal sections No.56« 
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ft YSS y, ^ 17a.*— Marly Limestone, from the Insect Marls {Lower 

— u Purb€ck\ with vegetable and insect remains. — Swanage^ 

Doreet Map 16. 

118. — Carboniferous limestone, argillaceous limestone^ 
used as a flux for smelting iron ore. — White Head^ Forest 
of DeaUf Gloucestershire, 

119. — Compact grey argillaceous limestone, speckled 
with Microconchus carbonarius, from Coal Measures,^ 
Bedicorthy Warwickshire, 

From the same beds as 112, but of a different colour. 

120. — Laminated calcareous band, occurring in^me- 
ridge clay, — Freshwater Bay^ near Kimeridge^ coast of 
Dorset, Map 16. 

121. — CoRNSTONE, impure concretiouaiy limestone, from 
Old Red Sandstone, — Longhope^ Gloucestershire, 

This limestone occurs in irregular concretionary masses 
in Old Red Sandstone, and from the scarcity of limestone 
in certain districts, it is occasionally burned for lime for 
agricultural purposes. 

122. — CoRNSTONE, impure concretionary limestone, in 
Old Red Sandstone, — Mitcheldeauy Gloucestershire, 

123. — ^Magnesian conglomerate, from the Neio Red 
Sandstone or Trias, composed of fragments of Carboniferous 
limestone, in a calcareo-magnesian base, with a tooth of 
Thecodontosaurus, — Durdham Down, Bristol , — Presented 
by W. H. Bailey, F.G.S. 

124. — Dolomite or magnesian limestone, from the Car- 
boniferous Limestone , — Agasthorpe, Ashby -de-la- Zouche, 
Leicestershire, 

125. — Magnesian limestone {Permian), cementing frag- 
ments of Carboniferous Limestone. — Durham, Presented 
by Mr. King. 

126. — Granular magnesian limestone or dolomite, 
Carboniferous Limestone, — Breedon, Leicestershire, 

127. — Magnesian limestone {Permian), exhibiting 
fretted divisional planes, produced by the percolation of 
water. — Mansfield Woodhouse, Notts, 

128— Indurated magnesian limestone {Permian ), — 
Black Hall Rocks, Durham, Presented by Mr, King, 
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129 aad 129a. — Magnesian limestone. — Sully Island^ GaSbet 
Jive milee south of Cardiff^ Glamorganshire. — 

Magnetfiian limestones or Dolomites consist of carbonate Qf ^*^^1*®**®^* 
lime and carbonate of magnesia, in varying proportions. 

The specimens 123 to 129 show that magnesian limestones 
are of various geological ages. It is a lithological character, 
having no essential relation to the geological date of the 
rock. 

129b. — Magnesian Limestone, locally called “lid-stone,” 
from its lying on the top of the iron ore which occurs 
in the Carboniferous Limestone of the Forest of Dean^ 
Gloucestershire. 

130. — Carbonate of lime and carbonate of magnesia . — 

Strontian^ Argyleshire. 

Ironstones and Iron Ores. 

The two lower shelves (131 to 17o) contain ironstones. 

In the Coal Measures these occur in stratified bands and 
nodules, generally in the shales of that formation. The 
Oolitic iron ores lie generally diffused in various members 
of that series, forming ferruginous strata. The iron of the 
Lower Green sand is chiefly high up in that formation, and 
consists generally of reticulating veins crossing in all di- 
rections the sandy strata in which they lie. The Tertiary 
ironstones ai-c chiefly nodular, the nodules lying mostly in 
clays or clayey sands. Sometimes these nodules, as at 
Ilengistbury Head, are several yards in diameter.— A. C. R. 

131. — Argillaceous or clay ironstone, from the 
Crosstone beds ( Coal Measures). — Ironbridge^ Salop. 

132. — ^Argillaceous or clay ironstone, “Pennystone 
band,” from Coal Measures. — Coalbrook Dale, Salop. 

133. — Clay ironstone, with veins of calc spar,/r£w» 

Coal Measures. — Bedworih, Warivickshire. 

134. — Clay ironstone, part of a nodular concretion from 
the pipe-clay beds of the lower Bagshot series. — Branksea 
Island, near Poole, Dorset. Presented by Colonel Waugh. 

135. — Iron ore, oolitic grains of hydrous oxide of iron, 
cemented bjr calcareous matter, forming the upper bedi of 
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CWa/ Mag^ and worked for iron.— iVlear the RaUwag Sta^ 
tton, Westbury^ Wilts. Map 14. 

WtU-imae^a* 135a. Iron ore : (Blenheim ore) from Marlstone, ^ nfiiile 
S.E. of Fawlevy S.E. of Ckarlhury^ Oxfordshire. 

136. — Sandy clay ironstone, with an included pebble 
of flint. — Hengistbury Head^ Christchurch Bay^ Hants. 

This ore forms layers of isolated reniform masses, of. 
large dimensions, in the Bracklesham beds of the Middle 
Eocene, on the coast of Hampshire. As the coast line has 
been worn back, the ironstone has been detached from tlie 
cliffs and fallen on the shore, where it is found in large 
quantities. It is also extracted from the cliffs (map 16), 
and furnishes an ore of iron, which is not only valuable 
from the ductility of the metal it yields, but also on account 
of its tendency to promote the fusion of other ironstone. 
13,000 tons were raised and sent to Newport, in South 
Wales, to be smelted, in 1856. — H.W.B. 

137. — Clay ironstone, coated with peroxide of iron, 
from Lower Green- Sand. — Brorahamy Devizes, Wilts. 

138. — ^Peroxide of iron, with small included concretions 
of clay ironstone, from Lower Green- Sand. — Seend, near 
Devizes, Wilts. Map 14. 

There is much ironstone scattered through parts of the 
Lower Green- Sand. Attention has been lately directed to 
this deposit of ore, which is now being worked. 

139 . — Clay ironstone, with rounded pebbles of flint. 
From London clay. — East Bloxworth, Dorset. 

140. — Nodular concretions of clay ironstone, externally 
coated with peroxide of iron. From London Clay. — East 
Bloxworth, Dorset. 

141. — Iron sand, containing 55*6 per cent, of metallic 
iron. — Two miles E. of Freshwater Gate, Isle of Wight. 

This ore consists of grains of Iron derived from the 
destruction of cliffs of Lower Green-sand; from these it is 
washed by the sea, and afterwards deposited on the shore 
in considerably quantities, between high and low water 
mark. A button of iron, reduced from the ore, is placed 
with it for illustration. 

141a*— SxLiosous iron ore from PlasHe day^ From a, 
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thiia layer sreatlng on chalky at the Brickyard^ Beedon Hill, Vmat 
north of JSkwbury^ Berkshire, 

142— Brown IRON ORE. waii^e^ 

J43, — Stalaotitic brown iron orb. 

143a. — S parry iron ore. 

Nos. 142, 143, 143a, 143b, and 158, occur in the middle 
division of the Carboniferous Limestone of the Forest of 
Dean, where it is raised in considerable quantities. By the 
last returns, the number of tons of ore raised was 127,654. 
(“Mineral Statistics for 1857,” by R. Hunt, F.R.S., p. 83.) 

143b. — OcHRET brown iron ore (hydrous peroxide of 
iron), from Carboniferous Limestone, 

144. — Ironstone, from the “Pennystone band” of the 
Coal Measures, — Coalbrook Dale^ Salop, 

145. — Ironstone, with fossils (Productus), Pennystone 
hand, from Coal Measures, — Coalbrook Dale, Salop, 

146. — Ironstone, from the “crosstone beds” of the Coal 
Measures, — Ironbridge, Salop, 

147. — ^Pyrolusite {grey manganese ore), from Magnesian 
Conglomerate. — Mendip Hills, Somerset, 

148. — ^Pyrolusitb {grey ore of manganese) with car- 
bonate of lead (white lead ore). 

149 and 1 50. — Cannel Coal {Coal Measures), — Torbane 
Hill, Scotland, 

151. — ^Big vein “coa/ brass,"^ from Coal Measures , — 
Donnington, Coalbrook Dale, Salop, 

152. — Ironstone (Pennyearth ironstone), from Coal 
Measures, — Sirhowy Ironworks, Monmouthshire, 

153. — Flint coal BAss,/ro»i Coal Measures, — Donning-- 
ton, Coalbrook Dale, Salop. 

154. — ^Black band ironstone from Coal Measures, car- 
bonate of iron. — Glamorganshire, South Wales, 

This is similar to the famous black band ironstone of the 
lower Coal Measures of Scotland, discovered by Mushet, in 
1801. 

154a.~lRON Stone, from Coal Measures,^ 

154b. — ^I ronstone, from Coal Measures,'*^ 

* From Cross Green CoUiery, Yorkshire. Present^ by Captain £• 

J. Maude* 
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iTpm 155 . — ^Ieon ore, forming the lowest beds of the Wealden^ 

— * three quarters of a mile south of Horsepath^ Oxfordshire, 
Wall-catess. 155^. — ^PiPE qp fekruoinous GRIT, found in beds of iron 
sandstone, sometimes of considerable dimensions. — Jghtham^ 
Kent Presented by Joseph Barling. 

156 and 156a. — Rhombic masses of ferruginous grit, 
found in the gritstone or oak quarrystone overlying Coal 
Measures^ on the tops of hills around Barnsley. — Presented 
by Mr, Wilson, 

157 , — Siliceous ironstone, with crystals of quartz, 
{Lower Eocene), — Boughton Hill^ near Canterbury^ Kent, 
Presented by William Harris, Esq. 

158 . — Ironstone (peroxide of iron), containing numerous 
pebbles of quartz. From Carboniferous Limestone, — Cin^ 
derford, Forest of Dean, 

159 and 160. — Brown iron ore (brown hcematite)^ from 
Magnesian Conglomerate, — Mendip HillSy Somerset, 

Nos. 147, 148, 159, 160, 163, 164, and 165, are from the 
, Dolomite or Magnesian Conglomerate of the Mendip Hills, 
Somerset (Map 19). — Presented by the ‘‘Little Down” 
and “ Ebbw Rocks ” Mining Company. 

161 . — Ironstone (peroxide of iron), containing numerous 
casts of freshwater shells (Paludina), — From the Wealden, 
East end of Brixton Bay, Isle of Wight, Map 10. 

162. — Peroxide of iron, cementing freshwater shells 
{Paludina ), — From the upper Eocene beds of Hempstead 
Cliff, Isle of Wight Map 10. 

163. — Brown iron ore (hydrous peroxide of iron), from 
Magnesian Conglomerate, — Mendip Hills, Somerset 

164. — Red iron ore (peroxide of iron), commonly known 
by the name of “ reddle,^' — Mendip Hills, Somerset 

165. — Sparry iron ore (with carbonate of copper), partly 
converted by decomposition into brown iron ore. — Mendip 
Hills, Somerset 

166. — Reniform nodule of clay ironstone.* 

167. — ^Flattened nodule of clay ironstone, with Cyclas,^ 


* From the Hastings Sands, of Hastings, in Sussex, Presented by 
dOr. Percy, P.R.S, 
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168. -— Concretion of CLAY IRONSTONE. — Hastings, Sussex. 

169. — Flattened nodnle of clay ironstone (“ New Mine 
ironstone**), /row Imver beds of the Coal Measures. — North 
of Oldbury, near Dudley, Worcestershire. 

170. — Nodules, forming scptaria, and containing iron 
pyrites. From the walls of a copper lode, 30 fathoms from 
the surface, at North Huel Friendship, near Tavistock, Devon. 

171 . — Concretionary nodules op iron ore, / row Gault. 
— St. BartholomeiF s Hill, Wilts. Map 15. 

172. — Siliceous ironstone, from Lower Green- Sand, 
occurring abundantly on the surface of the ground at Shot- 
over, near Oxford, where some of the held walls are 
entirely built of it. 

173. — Ditto, another specimen containing the casts of 
fresh-water shells. 

174. — Iron oto, locally ‘‘ pisolitic ironstone f from the 
Lower Silurian Lingula beds — Bettws Garmon, Llanberis, 
Caernarvonshire. 

175. — Iron ore, from Marlstone, containing numerous 
Rhynconella tetrahedra. — Steeple Aston, seven miles norths 
east of Woodstock. 

176. — Stalactitic brown iron ore, with a hbrous 
structure, from Old Bed Sandstone.* 

Brown iron ore consists of peroxide of iron 85*3, and 
water 14 ’7, with occasional impurities, as silica, alumina. 

177. — Botryoidal brown iron ore, with a hbrous struc- 
ture, and coated externally with an iridescent lustre. From 
Old Bed Sandstone.* 

178. — ^Black oxide of manganese, assuming a botryoidal 
appearance on the outer surface. From Old Bed Sand- 
stone.* 

This ore is composed of oxide of manganese 68*0, 
oxide of iron 6*5, water 17*5, carbon 1 *0, baryta 1*0, 
and silica 8*0. 

♦ From the Brendan Hill Mine, Somerset (Map 20.) Presented 
by Sir Charles E. Trevelyan, K.C.B. 
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Wall-case 44. 

Nodules, Concretions, Geodes, Septaria, &c. 


These bodies are of many forms and of different compo- 
sitions, and occur in strata of all kinds and ages. Concretions 
are sandy, calcareous, phosphatic, ferruginous, &c., or of 
these and other substances variously intermixed. The 
sj)herical grains of the Oolitic rocks arc small concretions 
of lime, and it frequently happens that in the centre of a 
concretion or nodule, a grain of sand, a fragment of a shell, 
or some other body, has served as a nucleus round which 
the matter forming the concretion has gathered. Small 
oolitic concretions may have been formed during the accumu- 
lation of the substance forming the rock, but many of the 
larger concretionary bodies, such as Nos. 42 and 46, have 
been formed in the stratum subsequent to its accumulation, 
and perhaps during the process of consolidation. Much re- 
mains to be done on this subject, and of some of the forms in 
this case no explanation has yet been given. — ^A. C. Bamsay. 


Specimens arranged and described by H. W. Bristow. 

1. — Nodular concretions {Permian), from Magnesian 
Limestone. 

2. — Reniform nodular concretion of white sand. 

3. — ^Nodular concretions of sand, near Beedon, Berk- 
shire. 

4. — 

5. — Fibrous carbonate of lime, termed “beef” by the 
quarrymen in the Isle of Purbeck, and “ horseflesh ” in 
the Isle of Portland. It occurs in beds or thin laminae, in 
the middle Purbeck. (Map 16. See vertical section 
No. 22.)--^Durlston Bay, Dorset. 

“ The crystals of this mineral are usually found shooting 
upward from a band of perished bivalves, and appear due 
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to a change in the condition of the shells on which they Uwttk 
rest.” (Rev. O. Fidier On the Purbeck strata of Dorset- 
shire,” “ Transactions of the Cambridge Philosophical 
Society,” vol. ix., p. 5.) 

6. — Columnar limestone, exhibiting a fibrous structure 
resembling that of “beef” (see No. 5). — Perth, Upper 
Canada, Presented by Sir W. E. Logan. 

7. — ^Limestone, with a curved and waving structure. — 
Frazers Mount, Nova Scotia,. Presented by Sir W. E. 

Logan. 

8. — Calcareous concretions from Portland Stone , — 
Tishury, Wilts, 

9 and 10. — ^Flattened calcareous concretions occurring 
in clay at Graves^ Brickyard, near Buckingham, — ^Pre- 
sented by Mr. Stowe. 

11. — Phosphatic nodule, from Gault, with cracks filled 
with phosphate of lime ; a small septarian. — Longhridge 
Deveril, near Warminster, Wilts, 

11a. — ^Phosphatic nodule, from Kimeridge Clay : Bed» 
cister, Dorset, Presented by John Mansell, F.G.S. 

12. — ^Phosphatic nodules, from Gault, — From the 
Brickyard, Dinton, Wilts, Map 15. 

13. — ^Phosphatic nodules, from Gault, These nodules 
have been analyzed by Dr. Hofmann, and found to contain 
silica, alumina, iron, lime, and magnesia ; — a portion of the 
two last as phosphates. — From the Brickyard, Lidhurst, 

Wilts, Map 15. 

14 — Phosphatic nodules, fragments of bones, teeth, 
shells, ^c,, from Chlcgritic marl, at the base of the Chalk, 

These are extracted in large quantities, and after being 
ground and mixed with sulphuric acid, they constitute a 
valuable agricultural manure. — Near Cambridge, 

15. — Flattened ELLiPTici^ coNCREtiON, exhibiting the 
structure termed “ cone-in-conef on one side of the specimen. 

It was found about six feet beneath the surface at the 
Bheidol United Mine, Cardiganshire, three miles from the 
DeviVs Presented by Mr. 'William Spooner. 



96 OOKORETIONS} KOBULES, 

U3pp*» 16 . — ^Flattened elliptical sandy concretion, ex- 

Oaiwt. <t cone-in*com^^ from Lower Silurian Rocks^ 

WaUrcaaeil. Cardiganshire. 

1 7. — Concretion, exhibiting an imperfect crystallization, 
termed cone-in-coner — From, the cliff above fVallog, 
north of Ahergstwith. Presented by the Rev. Henry R. 
Lloyd. 

18. — Argillaceous ironstone, termed ewrZ,” or ‘‘ cone- 
in-eone^ffrom Coal Measures. — Priorslee^ near Wellington^ 
Salop. 

19. — Argillaceous ironstone (“ or “ cone4n- 
cone from Coal Measures. — Coalbrook Dale^ Salop. 

20. — Argillaceous ironstone (“ curlf or cone-in- 
cone'^)^ from Coal Measures^ containing about 10 per cent, 
of iron, and used for making Roman cement, — From the 
Pennystone b^ds, Ironbridge^ Coalbrook Dale^ Salop. 

21. 22, 23, 24, 25, and 31. — Spherical concretions of 
Magnesian Limestone, from the Permian rocks. 

26, 27, 28, and 29. — Concretions of Magnesian Lime- 
stone, from the Permian rocks. 

30. — Concretions of Magnesian Limestone, decomposed; 
Petmian. 

31. — See 21.* 

32. — Concretions, filled with quartz, embedded in trap- 
pean ash. (See Nos. 107, 108, and 109, Case 4,) Lower 
Silurian rocks. — Digoed^ near Yspytty Evan^ Merioneth- 
shire. 

33. — Concretions in trappean ash; as above. — Tyn-y- 
bryn^ north-west of Bala^ Merioneththire. 

34. — ^Nodule of granular crystalline quartz, locally termed 
“ boulders,” and occasionally occurring in the Coal seam at 
AlderwcLsley, Derbyshire. 

35 and 36. — Geode, locally termed “ potato-stone^^ lined 
with crystals of quartz, and containing acicular crystals of 


* Nos, 22 to 31, firom Durham. Presented by W. King; 
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mtile (oxide of Titanium). From junction of New Red Marl trpraa 
and Carboniferous Limestone, — Chepstowy Monmouthshire, 

(“Memoirs of Geological Survey,” vol. i., part l,p. 246.) Waii-caae44, 

37. — Geode, composed of quartz and imperfect red jasper, 
from the junction of New Red Marl and Carboniferous 
Limestone, — Chepstow y Monmouthshire, 

38. — Two specimens of nodular concretions, from 
Upper Green^sand, — One mile north of Brixton, Isle of 
Wight, Map 10. 

39. — Nodular concretions, / rowi Lower Green-sand , — 
Blackgang Chiney Isle of Wight, 

40. — Nodular concretions of sand, from the Hastings 
sand, — East Cliffy Hastingsy Sussex, Presented by Dr. 

Percy, F.R.S. 

41. — Nodule of ai*gillaceous limestone, formed round the 
skeleton of a fish {Mallotus), From Drift, — Upper Canada, 
Presented by Sir W. E. Logan. 

42. — ^Portion of a septaria, showing the internal con- 
cretionary structure, the cracks, and the filling of these by 
infiltration, with crystalline carbonate of lime. 

42a. — Septarian Nodule, from the Great Northern 
Railway,* 

42b. — S eptarian nodule.^ 

43. — Concretionary nodule of clay ironstoncy from 
pipe-clay beds of the Lower Bagshot series. — Branksea 
Islandy near Poole, Presented by Colonel Waugh. Map 16. 

44. — Part of a septarian nodule of clay ironstone, from 
Coal Measures, — Bedworthy Warwickshire, 

45. — Nodule of argillaceous limestoney in Wenlock ShalCy 
showing the mode of occurrence of such nodules. Part 
of the surrounding Wenlock shale is attached. — Seven miles 
north-east of Cerrig-y-druidioriy Merionethshire, 

46. — ^Nodule of argillaceous limestoney from Wenlock 
Shale, (See horizontal section No. 5). — Near IJanfaredd, 

Builthy Jbreconshire, 

47. — Nodule of argillaceous ijmestone, from Wenlock 
Shale,— Pen-y-bonty Radnorshire, 

♦ From London clay. Presented by Mr. Matthew Wright 

G 
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Upper 48.~Septaria, cement stone occurring in occasional 
Oaltott. \)andsin Upper Lias clay. — Crickley Hilly near Cheltenham. 
Wali-cwe4A (§66 Memoir on Map 44 by Ed. Hull, F.G.S., p. 24.) 

49 Sbptarian nodule, with iron pyrites filling cracks 

in the interior. Found in the walls of a copper-lode, 30 
fathoms from the surface (see also No. 170, CaSO 43.) 
— North Huel Friendship^ near Tavistocky Devon. 

50,— Sections of coprolitic nodules, polished to show 
the internal structure. — Frith of Forthy Scotland. 

5J. — Concretions op iron from Plastic Clay beds , — 
Near Wimborne Minstery Dorset. 

52. — Concretionary nodules of iron pyrites in fel- 
spathic rock. — Gwemyfid rocksy Wye, near Builthy 
Breconshire. 

53. — Nodular concretions of iron pyrites from the 
Chalk. — Compton Bayy Isle of Wight. Map 10, 

54. — Concretion of iron pyrites from the Chalk. — Comp^ 
ton Bayy Isle of Wight. 

55. — Fragments op shells and phosphatic nodules, 
from upper beds of Gault. East Wear Bayy FolkestonCy 
Kent. 

56. — Sandy clay, containing phosphatic nodules ; from 
upper beds of Gault. East Wear Bayy FolkestonCy Kent. 

57. — ^Cannon ball, forming a centre surrounded by 
concreted ferruginous matter. 

58. — Portions of an iron grating left on the Bell Rocky 
and exposed to the alternate action of the air and sea by 
the rise and fall of the tides from 1811 to 1853. 

The two last-mentioned specimens (Nos. 55 and 56) ai*e 
placed here to illustrate the rapid destruction of iron by 
the process of oxidation or rusting, leaving a spongy mass 
of graphite or impure carbon, No. 56. 

59. — ^An old horse-shoe, found in the river Trenty at 
Nottinghamy exhibiting the agglutinating power of iron 
while undergoing oxidation. 
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Wall-case 45. 

Arranged and described by A. C. Bahsat. . 


Gailbby. 

WiUl-ofiAe45. 


Specimens to Illustbate the Phenomena of Altfjja- 
TioN AND Metamorphism op Rocks. 

The subject of the alteration of rocks is so large, that, 
to enter upon it fully, would require greater space for 
specimens than the Museum affords. In C&SOS 45 and 
46, some of the more striking phenomena are illustrated. 
Ist, the simple effect of intense heat on various kinds of 
rocks; 2nd, the more remarkable process of metamorphism^ by 
which new mineral combinations are developed^ as in mica 
slate and all the rocks of the gneissic family. In Ca86 46 , 
the phenomena of cleavage are illustrated, which in some 
respects bears peculiar relations to metamorphism. 

Nos. 1 to 75 have special reference to the first, or more 
direct action of heat, as shown by the effects of fire, and 
the intrusion of common igneous rocks among various kinds 
of strata. The list begins with alterations of the most 
obvious character, such as those produced on coal by the 
intrusion of trap dikes, on common slate by the burning of 
a house and on the sandstone floor of an iron furnace. From 
these the student is readily led to those alterations which 
from common sandstones produced quartz rocks by their as- 
sociation with melted matters, commonly called intrusive 
(many of which certainly are so), which, when cooled and 
consolidated, became basalts^ greenstones, syenites, and quartz 
porphyries. Of the most intense alterations of this kind. 
Nos. 1 to 46 give striking examples, showing a passage by 
alteration from slate and grit into actual syenitic greenstone, 
for some of the grits and conglomerates have been on the 
very verge of fusion, if not undoubtedly fused, and though 
pebbles and some of the original granular character may 
(especially on the ground) be detected by the practised eye, 
the whole having become more or less crystalline, the rocks 

g2 
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(32 to 35) have more of an igneous than of an aqueous 
character. 

The specimens which illustrate the gmissic series ai’c 
necessarily imperfect, the geological survey not yet having 
been much engaged on metamorphic districts. The forces 
which altered these rocks are of a different kind from 
those produced by the mere contact of lavas, dykes, and 
other small masses of igneous with stratified rocks above 
adverted to. It will be observed that mica^schist^ gneiss^ 
&c., possess a laminar arrangement, in which various 
minerals are arranged, generally in wavy lines, more or less 
distinct. Typical gneiss consists of irregular alternating 
layers of quartz, felspar, and mica, these being also the 
constituents that form granite. Perfect and gradual pas- 
sages may often be traced from common shales, slates, 
and grits, into true mica- schist and gneiss, and gneiss some- 
times passes imperceptibly into granite. The evidence 
may therefore be considered as perfect, that gneissic rocks 
have been metamorphosed, or that they have assumed dif- 
ferent mineral characters from what they possessed as 
original sediments. This has been understood and believed 
])y most geologists since the days of Hutton,*^ but the 
causes that produce these changes are yet but imperfectly 
explained. 

For long the laminar structure of gneissic rocks was a 
mystery. They frequently lie in wavy layers (No. 130), or 
else in small and rapid contortions (Nos. 126, 129, and 135). 
Many of the elder geologists contented themselves with the 
easy assumption that all the earth was originally formed of 
granite, the result of its first cooling from a state of igneous 
fusion ; and that gneiss, being formed of the same consti- 
tuents, was made from the sedimentary waste of that rock 
deposited in a primeval boiling sea, which accounted for its 
wavy and wrinkled structure. The metamorphic theory 
destroyed this ready hypothesis, and it is now universally 


♦ ** Theory of the Earth*’ 
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known that gneissic rocks and granites are of every 
geological age. 

The subject involves much discussion, but it may be briefly 
stated that enough is known to make it certain, that, when 
under metamorphic action, distinct minerals are developed 
that do not appear in the unmetamorphosed strata, it is 
not that new substances are created there, but as a rule 
simply that the rocks themselves originally contained 
certain constituents, which chemically re-arranged them- 
selves according to their affinities, probably in all cases 
under the influence of slow and long applied heat and 
moisture. The only cases in which new substances could 
appear, would be by the occasional infusion of gases and 
moisture, containing new ingredients, and it is probable 
that the development of minerals in metamorphic rocks 
has sometimes been in this manner modified. It would bo 
easy to find unaltered shale, slate, a piece of gneiss, and a 
piece of granite, of which the ultimate chemical constituents 
would agree as nearly as they would in two distinct pieces 
of gneiss. Gneiss is composed of free silica or quartz ; 
felspar, wliich is essentially a silicate, of alumina, soda, 
potash, or lime ; and of mica, the chief ingredients of which 
are silica, alumina, potash, and peroxide of iron. In any 
shale or slaty rock most of these ingredients occur, and in 
ordinary metamorjffiic rocks they are merely re-arranged 
and modified under peculiar chemical and physical in- 
fluences. Serpentines are also metamorphic rocks (p. 218). 

I must now refer to the phenomena of cleavage. (See 
CaSO 465 Nos. 26 to 47, and p. 126.) Mr. Charles Dar- 
win, in his celebrated work on the Geology of South 
America.” showed that in part of the Andes the strike 
and dip of the cleavage and foliation lines coincide^ and 
he, therefore, conceives that ‘‘foliation may he the extreme 
result of the process of which cleavage is the first effect f 
or, in other words, that the process of re-arrangement of 
particles in the rocks began with cleavage, and ended in 
their entire crystalline re-arrangement in the same lines^ 
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GawSSt producing yb/to/iow. Mr. D. Sharpe observed that the 
Wall” 46 layers of the rocks of Scotland lie in large sweeping 

‘ synclinal or anticlinal. lines, which, he said, bear no relation 
to the original lines of stratification. This absence of rela* 
tioD is more than doubtful, if universally applied; and when 
examined in more detail, I believe it will be found that 
on a large scale foliation is often apt to coincide with 
the planes of stratification, and that the great anticlinal 
and synclinal lines actually represent the curvatures of the 
strata ; or, in other words, that the foliated masses of the 
Highlands lie in great planes of stratification, like those of 
the Laurentine hills in Canada. Professor Henslow ob- 
served, in 1821, that the foliation of the rocks of Anglesea 
bears a general relation to the planes of bedding. This I 
can verify from personal knowledge. The same is the case 
in the Island of Arran. The rocks of North Wales are in 
general highly cleaved, (CeS 6 but it has been shown 
that the metamorphism of the Anglesea rocks preceded the 
disturbances that produced cleavage. There is, therefore, 
no necessary connection between cleavage and foliation ; 
and it may now perhaps be considered at all events as a 
near approach to the truth, “that if rocks be uncleaved 
when metamorphism occurs, the foliation planes will be apt 
to coincide with those of bedding ; but, if intense cleavage 
has preceded, then we may expect that the planes of folia- 
tion will lie in the planes of cleavage.” (Ramsay, “ Geolo- 
gical Quarterly Journal,” 1853, vol. ix, p. 172.) 

The relation of proximity of granite and gneissic rocks, 
and of their frequent passage into each other, is obvious, 
and, from their constant occurrence together, it may be 
considered that they are intimately related, the gneissic 
structure being in some manner connected with the fusion 
of associated granite. All geological evidence tends to 
prove that, as a rule, large masses of granite cooled and 
consolidated slowly and deep beneath the surface. One 
result of this would be, that neighbouring rocks, sometimes 
fused, or on the verge of fusion, would, on cooling, pass 
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gradually into granite ; and l^ere is indeed no certainty 
that, in many cases, granite is not the actual result of the 
fusion and cooling of the very same strata that produced 
the gneiss, and this conclusion is often favoured by the cir- 
cumstance, that the presence of granite, syenite, and their 
allies, often seems due, not to the intrusion of a mass 
violently thrust through opposing strata, but rather to the 
eating away by fusion of a portion of the strata themselves. 
Under any circumstance, both the granite and the adjoining 
rocks would for a long time remain in a heated condition ; 
and, further off, if, under the influence of heat and 
moisture, chemic-al action in the softened rock occurred, 
then its constituents more or less re-arranged themselves 
according to their afliuities, in layers, wherever circum- 
stances would allow, most likely showing a tendency to 
form in the direction of pre-existing lines of stratification 
when these formed the principal planes, or of cleavage when 
in homogeneous masses it had been so strongly superinduced 
that the rock would split in the cleavage planes in prefer- 
ence to those of stratification. 

Specimens illustrative o f the effects of heat and intruded 

melted rocks on slates, coals, sandstones, and conglo^ 

merates. 

1. — Thick coal altered by the intrusion of “ white trap 

rockr 

When this kind of alteration takes place, the coal is 
locally said to be “ blacked, when, by its proximity to an 
igneous rock, it has become so altered as to lose all its 
brightness, and nearly, if not quite, all its inflammability. 
It is not exactly coke, but is dull and earthy, and, on ex- 
posure to the atmosphere, is very friable. (“ Geology of the 
South Staffordshire Coal Field,” Jukes, p. 242.) 

2. — ^Heathen coal of Diidleg, rendered anthracitic by 
contact with white igneous rock ; and seamed by threads 
of calcareous spar. 


Uppbh 

Gallisbx. 
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tTmts S.-^CoAL altered hy porphyritic greenstone, and enclosing 
(}4umT< jjQjfyjgg Qf mi^neso-calcite ; near Bilstou Oirnacesi South 
VaH-oMeM. Staffordshire. 

The igneous rocks mentioned above are probablj of the 
age of the Carboniferous rocks. (“ Geology of the South 
Staffordshire Coal Field,” by J. B. Jukes, p. 248.) In the 
South Staffordshire coal field sheets of greenstone, known 
in the district as green rock,” have been injected among 
the Coal Measure beds. From these proceed dykes and 
veins of white rock,” known to be ‘‘ truly an igneous rock 
by the way in which it cuts through the coal and other 
matters, often producing more or less alteration in them at 
the place of contact.” (Ibid. p. 241.) 

4. — Exhibiting the action op fire on slate. — From the 
premises of Messrs. Scott Russell and Co., burnt 10th Sep- 
tember 1853. Presented by Superintendent Braidwood. 

At the top is a piece of the slate scarcely altered, and 
showing its original thickness. Lower down the same frag- 
ment swells out and becomes spongy. This is still more 
obvious below. The slates have become spongy by the escape 
of watery vapour, air, or gases, and, being softened by heat, 
they have been bent. Similar rocks, altered by contact with 
igneous rocks under great pressure, do not assume this vesi- 
cular structure. For instances of strata altered by contact 
with melted rocks, see Nos. 9, 12, &c. 

5. — Gornal sandstone, unaltered. Coal Measures, 

6. — Gornal sandstone, altered^ artificially. 

This specimen formed part of the hearth of an old iron 
furnace. From long contact with the melted iron the stone 
was softened and partly vitrified, and cinders are embedded 
in it. The vitrification was assisted by the presence of 
numerous felspathic grains, which are mingled with the 
quartz grains of the unaltered Gornal sandstone. 

7. — Quartz rock and greenstone in contact. Old 
Radnor Hill, The quai’tz rock, in its unaltered state, was 
probably the equivalent of the fossiliferous sandstone of 
Presteign ; — {Upper Llandovery or May Hill Sandstone,) 
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8. — ^Altered sandstone, crystalline and calcareous.--- 
Old Radnor Hill. 

This hill occurs on a line of great disturbance and frnc- WWl-oaseiS* 
ture, into which syenitic and greenstone rocks have been 
protruded. On Old Radnor Hill the rock is so highly 
altered and so intimately intermixed with igneous matter, 
that in mapping it is impossible to separate the altered rock 
from the melted matter with which it is mixed. This spe- 
cimen gives a good example of the intense alteration of the 
sandstone, and intimate intermixture of igneous matter 
with it. 

9. — Quartz rock {altered Llandeilo flags).— ‘MoeUy^ 

Golfa^ Breidden Hills, Shropshire^ 

10. — Greenstone of Breidden Hills, witli which the 
altered rock No. 9 is in contact, 

11. — Granular quartz rock, commonly called Lickey 
quai’tz, with grains of felspar. — From Caradoc sandstone 
of Rubury Hill, Worcestershire. 

There is no igneous rock intruded into this mass, which, 
notwithstanding, has an altered character, and it is not 
unlikely that igneous rocks exist at no great depth beneath 
the surface. 

12. — Quartz rock, Lotver Coal Measure sandstone, 

Salisbury Crags, Edinburgh. It is in contact with and 
overlaid by intrusive greenstone. No. 13. 

13. — Greenstone, composed of augite and felspar. — Sa- 
lisbury Crags, overlying and altering No. 12. 

14. — Quartz rock, altered Caradoc sandstone, 4 miles 
south-west of Wellington, Shropshire. 

This rock is part of a considerable ti’act of quartz rock, 
altered by intrusions of igneous rocks, such as those of the 
Wrekin, Wrockwardine, and of Charlton Hill. No. 14 is 
from the immediate neighbourhood of No. 15. ^ 

15. — Greenstone. Hornblende with a little felspar. 

16. — Altered Caradoc conglomerate, as above, from 
the Wrekin, Shropshire. The centre of the Wrekin is 
greenstone, and the adjoining rocks are often so intimately 
intermixed with it, and have been so much altered, that in 
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fused, and there is great diffi- 

— * cultj in separating the trap from the stratified rock. 

WaUKsaseiS. — Caradoc CONGLOMERATE (altered), Hope Bawdier 

Hill, Church Stretton, Shropshire, containing small pebbles 
of slate, quartz rock, felspar, &c., bedded in a crystalline 
felspathic base, the result of by No. 18. 

18. — ^Amygdaloidal greenstone, with nests of epidote. 
Hope Bawdier HilL (In contact with IT ,) This greenstone 
is one of several bosses of rocks intruded into the Caradoc 
sandstone, viz., at Ragleth Hill, Hope Bawdier Hill, Caer 
Caradoc, and the Lawley, Hope Bowdler Hill seems to 
consist, at all events in a great measure, of Caradoc sand- 
stone melted and re-consolidated. The Caradoc sandstone 
lies on it at a low angle, and lying, as it does, at the base of 
the sandstone of that particular locality, there is no space 
between it and the Wenlock shale for the thickness of 
lower Caradoc beds that ought to intervene. 

19. — Wenlock shale, partially porcelainized. In con- 
tact with greenstone : Upper Hehlands, Bishops Castle, 
Shropshire, 

20. — ^Altered Cambrian conglomerate, Skerries, off 
the north-west shore of Anglesea. Many of the rocks of 
Anglesea are highly metamorphic ; they are pierced by 
bosses and numerous veins of granite. (See p. 118.) The 
Skerry conglomerate is traversed by dykes, and contains 
pebbles of altered slate, quartz rock, granite, &c., and re- 
sembles rock No. 190 and 191, CaS6 4, 

Specimens illustrative of the igneous and altered Cambrian 

rocks of Charnwood Forest, Leicestershire, Maps 63, 
JSr,E. and N.W, 

21. -— ^Greenish grey slaty rock, Greenhill, Charnwood 
Forest, Very little altered. 

22. — Greenish purple coarse slaty rock, Markfield, 
More hardened than 21. 

23. — Greenish grey ditto, Old John HilL Porcelainized 
by heat. 
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24. — Grey fine and gritty rock, Tin Meadow. More upwm 

altered than 23. Gamet. 

25. — Greenish grey and purple banded argillaceous 
and fine gritty rock, Billa Barrow Hill, Very much indu^ 
rated and porcelainized, 

26. — Green and grey altered fine grit, Old John 
Hill, Slightly porphyriticy with a few small imperfect 
crystals of felspar and hornblende. 

27. — Altered grit, more felspathic : Green Hill. 

28. — ^Altered fine grit : Old John Hill. Stratification 
in this specimen nearly obliterated. Rock chiefly composed 
of imperfectly crystallized felspar, with indications of a few 
imperfect crystals of hornblende. 

The rock here appears to have been so far softened by 
heat that its constituents were partly at liberty to re* 
arrange themselves according to their chemical affinities. 

29. — Grit, similar to 28 : Old John Hill. Alteration a 
little further advanced, contains more hornblende. 

30. — ^Altered rock ; High Cadman, Very much altered 
by heat. Composed chiefly of felspathic matter, sometimes 
imperfectly crystallincy containing numerous specks of horn- 
blende. 

31. — Altered grit : Green Hill, Composed of a fel- 
spathic base, containing crystals of felspar and a little 
hornblende, small slaty fragments and grains of quartz. 
Extremely altered, 

32. — Altered conglomerate : Markfield. Composed of 
pebbles of hardened purple and grey slate, &c., bedded in a 
gritty crystalline {porphyritic) basCy containing crystals of 
felspar and grains of quartz. 

The base of this is in part like 31, but the slaty fragments 
have resisted even partial fusion. 

33. — Greenish purple altered conglomerate ; Broad 
Hill, Pebbles smaller than in the above and more in- 
distinct. Porphyritic char obiter more marked. Contains 
crystals of glassy felspar in a felspathic base and grains of 
quartz. 
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34. — ^Altered conglomerate : Pedlar^ s Tor. 

This is a case of the most extreme alteration. In a dark 
base are large crystals of red felspar and granular crystalline 
quartz, set in a hornblendic (?) and felspathic base. In a 
hand specimen this looks like an igneous rock. On the 
ground the bedding is still traceable. 

35. — Altered Eock, porphyritic and slightly talcose: 
Birchwood Plantation, Felspathic base, with crystals of 
felspar. Hornblende rudely aggregated in nests. Ex* 
tremely altered. 

36. — Altered rock, porphyritic. Blue felspathic base, 
with crystals of felspar, and granular fragments and imper- 
fect crystals of quartz. Traces of pebbles in the mass very 
indistinct 

From 30 to 36 the specimens are from rocks, all exceed- 
ingly altered, in which the amount of alteration gradually 
increases to a point beyond which further alteration could 
not take place without entire obliteration of any trace 
of original structure, such as seems to have taken place in 
No. 35. 

37. — Imperfect greenstone, consisting of imperfectly 
crystallised hornblende and felspar, with n few grains of 
quartz. — Bardon Hill. 

38. — ^PuRPJ.isH green igneous rock, composed of red 
felspar and hornblende. This rock passes imperceptibly 
into syenite and granite. Quorndon House, near Barrow* 
on* Soar. 

39. — Syi:nitio rock : Brqad Hill. Greenish rock com- 
t>osod of pink felspar, witli a little hornblende and granular 
quartz. 

40. — Greenstone : Bowdon Hill. Hornblende and pink 

felspar. * .» 

41. — Greenstone; Copfoak Farm. Similar to 40,|)ut 

more felspathic. f 

42. — Greenstone ; Bowdon Hill. Felspar and/horn- 

blende, the felspar predominating. ^ 

43. -.«Greenstone, syenitic. Grooby, Pink jp^lspar and 
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hornblende, well crystallized, with a few small granules of 

quartz. Waii^ik 

44. — Greenstone, ^yenitic, Markfield. Pink felspar 

and hornblende well crystallized. Felspar rather predomi- 
nates. 

45. — Greenstone, syenitic : Grooby, Pink felspar and 
honibleude as above. 

46. — Syenite ; Cliff HilL Felspar, quartz, and horn- 

blende. 

The igneous rocks from 37 to 46 lie amid the Cambrian 
rocks of Charnwood Forest and the neighbourhood. Some 
of them are, however, entirely surrounded by unaltered 
New Red Marl, which conceals the Cambrian rocks among 
which the syenites, &c. lie. The Cambrian rocks in their 
neighbourhood are so much altered, that, becoming porphy- 
ritic, it is often impossible to trace a boundary line between 
them and undoubted igneous rock. Between Grace Dieu 
Wood and Charley Wood there is a tract of country 
from which Nos. 21, 23, 24 to 31, and 33, 34 and 36, were 
derived. Some part of it seems, in ordinary terms, to be 
undoubtedly igneous, as in the case of No. 39. Other parts 
show every degree of gradation, from a common unaltered 
slaty character, to rocks that seem in hand specimens to he 
igneous, but on a large scale on the ground, show traces of 
stratification and other signs proving them to be of sedimen- 
tary origin, only so much altered that they have been partly, 
and in some cases entirely, fused, and thus pass info true 
igneous rods of deep-seated kinds. All the metamorphism 
of the Charnwood Forest rocks is of this nature, nor do 
they ever assume the character of gneissic rocks. It may 
be that the heating and cooling of the rocks took place with 
too much rapidity to allow of that slow chemical separation 
and reunion of constituents, according to their aflSnities, in 
layers (often of stratification or cleavage), which constitutes 
gneiss, and the igneous rocks themselves seem in great part 
formed of strata actually fused. 
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Gillmt. 47. — Altered rock, serpen tinous, with carbonate of 

Wau3^45. layers of hornblende. Pierced by red crys^ 

talline felspathic veins. — Chamwood Forest 


Altered Cambrian grits and conglomerates, and quartz 

porphyry, Llanheris, Caernarvonshire. Map No, 78, 

S,E,, and horizontal section No, 4, in Wall-case 3, 

opposite, 

48. — Cambrian grit ; Llyn Peris, Carnarvonshire, com- 
posed of grains of quartz and felspar. 

Though excessively hardened, there is no igneous rock in 
its immediate neighbourhood. The quantity of alkali in the 
felspar renders such a rock peculiarly liable to alteration 
by heat, and great alterations are found in similar rocks in 
the neighbourhood, when in contact with quartz-porphyry. 

49. — Cambrian grit, similar to the above, but more fel- 
spathic, Felspar grains retain their crystalline form. 

50. — Altered Cambrian conglomerate from the north- 
east shore of Llyn Padarn, near Llanheris, 

This specimen is derived from a mass very near the quartz 
porphyry No, 52. It has originally been a conglomerate, 
with a very felspathic gritty matrix similar, to No. 49. 
The base has been probably partially fused, the outlines of 
some of the pebbles rendered indistinct, and the whole 
hardened. 

51. — Cambrian grit, altered. Same locality, passing 
imperceptibly into No. 52. 

52. — Quartz porphyry : Llyn Padarn, Llanheris, Fel- 
spathic base, with crystals of felspar and granular crystals of 
transparent quartz. Part of a great mass of quartz por- 
phyry, which cuts through the Cambrian rocks of Caernar- 
vonshire in their line of strike between Llyniau Nant-y-llef 
and Bethesda Nant-Francon. For a more complete account 
see Nos. 185 to 192, CaS6 p. 215. 
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Series of ultered carboniferous rocks with associated green^ 

stones^ Warwickshire Coalfield, Map 63, S, W. _ 

53. — Coal measure shale, partially hardened by heat 
(baked). Two miles south of Atherstone^ Warwickshire, 

The unaltered shale of the neighbourhood resembles No. 146, 

OftSO 

54. — Quartz rock : Hartshilly Atherstone^ Warwickshire, 

Altered millstone grit^ pierced by trap dykes^ similar to Nos. 

56 and 57. 

55. — Quartz rock with manganese, near Nuneaton, 

Pierced by 56 and 57, &c. 

56. — Greenstone : Hartshilly Atherstone. Composed of 
felspar and hornblende, the former predominating. Part of 
a dyke intruded between the beds of quartz rock, 

57. — Greenstone, very hornblendic. From the eastern 
line of greenstone, south of Chilvers Coton^ near Nuneaton, 

Intruded among Coal Measures y shale Sy and sandstone Sy 
Nos. 58, 60, and 61. 

58. — Sandstone, with iron pyrites. Altered by the 
proximity of Nos, 57 and 59, between which it lies. 

59. — Greenstone, from the western mass south of ChiU 
vers Cotouy Nuneaton; intruded YUke 57. 

60. — Altered coal measure shale : Marston Jabety 
near Bedworthy Warwickshire. 

61. — Greenstone, below No. 62 : Marston Jabety near 
Bedworth, 

62. — Altered coal measure shale from another bed in 
the same quarry as No. 60, about 10 feet thick, lying 
betiveen two masses of intrusive greenstone. 

63. — Greenstone, above No, 62. 

These greenstones are the cause of the alteration of 60 
and 62, in which the ordinary soft shaly character has dis- 
appeared, and the beds have been simply much hardened by 
the action of heat. In the quarry there are two masses of 
greenstone, apparently interbedded like old lava beds ; but 
the shales both above and below them being equally altered, 
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GamStt ^0 hfi-ve been intru<ied between the beds^ 

; ! Tins IS the case with the greenstones generally of the War- 

aU*ca««45. vjrickshire coalfield, which run in long lines between Ather- 
stone and Marston Jabet, the longest being about six miles 
in length. 


64. — Altered old red marl ; Brochhill^ 3 miles south- 
west of Abberley. Worcestershire, Map 55 N.E. Pierced 
by a greenstone dyke. 


Altered Silurian rocks of Wales and Shropshire. 

65. — Wenlock shale, altered: Upper Heblands, near 
Bishops Castle, Shropshire. This rock is very calcareous, 
and is pierced and much broken by a. small dyke of green^ 
stone. 

66. — Shale, LINGULA FLAGS,«r/V7e Lingtdce,nftuc1i hardened 
by heat: Moel-Hqfod^Owen, 6 miles north of Dolgelly, 
Merionethshire. Map 75 S.E. 

The shales of this hill are pierced by numerous small 
bosses of greenstone, and are probably underlaid by a large 
mass of these rocks, of which RhobelUfawr, &c. form part. 

67. — Silurian shale or slate, altered and hardened, 
near the twelfth milestone, Pass of Llanberis. From a thin 
band of altered slate in the^ felspathic trap of Snowdon. 
Both have been pierced by greenstone, which here, and near 
Pen*y-gwryd, alters the slate with which it is in contact 
into honestone. Map 75 N.E. Merionethshire. 

68. — Llandeilo FLAGS, altered fossiliferous pyritous 
black slate. In immediate proximity to greenstone. (Nos. 
158, 163, and 164, C£IS6 4 ). — Banks of the Wye, Radnor-^ 
shire, near Builth. 

68a. — ^L landeilo flags : Carneddau, Radnorshire, near 
Builth. Porcdainized by contact with greenstone. 

69. — Ditto, altered as above. 
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70. — ^Llandeilo flags, Pant-Pnmg^ Montgomeryshire^ Cpphk 

3 miles south«east of Chirbury. Altered by neighbouring — 
greenstone. See 151, CasO 4. Map 60 S*E. Waa-caae4A 

71. — Llandeilo flags, near Llamonda^ Fishguard^ Pern* 
brokeshire. Banded fine siliceous rock, partly porcelainised 
by great intrusive masses of greenstone. Pen Caer, Strumble 
Head. Map 40. 

72. ~Ditto, more weathered. 

73. — Ditto, still more porcelainised. 

74. — Ditto, more completely metamorphosed^ the silica 
having begun to crystallize in nests. 

75. — Slaty Silurian rock, porcelainised. In the neigh- 
bourhood of granites^ &c., near Mona Copper Mine^ An- 
glesea. Map 78 N.W. 

76. — Altered slate, a species of imperfect gritty snake- 
stone ; Llandeilo flags, altered by the Corndon greenstone^ 
Montgomeryshire. Map 60 S.E. Sec No. 153, CaS0 4, 
page 206. 

77. — Altered slate, snakestone : Porth Treuddyn 
QuarrieSy near Tremadoc, Merionethshire. Map 75 N.E. 

Altered by intrusive greenstone. 

78. — Talcose schist, with iron pyrites, traversed by 
gold lodes ; Tyn-y-Symdde, 6 miles north of Dolgelliy Me- 
rionethshirey Map 75 S.E. Probably metamorphicy the alte- 
ration being connected ivith the intrusion of masses of green* 
stone. 

79. — Talcose schist, as above (with quartz vein). 

Diffwys Slate Quarry, Ffestiniog^ Merionethshire^ 75 N.E. 

This rock posses into felspathic ash. 

80. — Talcose felspathic rock, between Tan-y-Grisiau 
and Cwm Orthin^ 3 miles N.N. W. of Ffestiniog y Merioneth- 
shire, 

This rock passes in places into felspathic ash. (See 23 
to 26, Ca436 4, and section aro. ft, near Moelwyn^ 24 h 25.) 

It, however, also passes into snakestone, for the rocks 
tf the district are partly metamorphicy the metamorphism 
hemg connected with the presence of the Ffestiniog syenite^ 

-No. 117, Casa 4, 


a 
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81— Talcose bock ; altered Cambriangrit: Llyn Padam 
* Uanberis^ Caernarvonshire^ 78 S.E. Chose to a great mass 
^ of quartz porphyry^ 124 and 186, CftSO 4. (See also 
aection arc. Ab Nos. 186 to 191, CaS6 4k*) 

82.— Talcose schist : Forth Lisky, St, DavidUsy Pem- 
brokeshire, Map 4. Cambrian rock, near a mass of syenite, 
(See No. 167, Case 4.) 

83 Felspathic conglomerate ; decomposing, altered 

Cambrian rock : Forth Lisky as above. 

84. — ^PoRPHTRiTic conglomerate, undecomposcd. From 
same locality as 82 and 83. 

This rock has undergone the same kind of alteration as 
Nos. 16, 20, 32, and 49. The alteration of the rocks at Forth 
Lisky is similar to that illustrated by specimens 185 to 192, 
Case 4* (See also section Case 4) Nos. 186 to 191.) 

Passage of shales, slates, grits, ^c,, into talc schist, mica 
schist, gneiss, ^c. 

85. — ^Argillaceous slate (Devonian) containing corals. 
St. Austell, Cornwall, Sheet 31. 

86. — ^Argillaceous slate, killas, (Devonian.) Great 
Anchor, Perranzabuloe, Cornwall. Map 29. 

87. — Argillaceous slate, killas, (Devonian.) Wheal 
Friendship, Tavistock, Devon. Map 25. Bedding faintly 
traversed by cleavage nearly at right angles. 

88. — ^Argillaceous slate, very fne grained and talcose : 
(Devonian.) Watergate Bay, St. Columb Minor. Map 30. 

89. — Banded micaceous argillaceous shale (Devo- 
nian.) Altered slate near Granite. Penvivian Hill, near 
Bodmin^ Cornwall, Map 30. 

90. — Argillaceous slate, with mica and talc (Devo- 
nian.) A finely arenaceous, micaceous, and schistose rock, 
forming the lower part of the calcareo-trappean series at 
Bossiney, Cornwall. Map 30. 

91. — Clay slate ; white killas, talcose, (Devonian.) 
Watergate Bay, St, Columb Minor, Map 30* Very 
talcose. 
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92. — Clay slate ; white killas (Devonian). Hud Friendly VvfSB 
Mine, St, Agnes, Cornwall, Map 31. Very taleos^, 

93 Fine grained argillo-calcareous slate, totVA 

mica, (Devonian). Trebartmck Strand, near Tintagell, Corn^ 
wall. Map 30. 

94. — Arenaceous schist, with much mica, (Devonian.) 

Banded and slightly gneissic in structure. Breague, Com^ 
wall. Map 33. From junction of slate with granite. 

95. — Clay slate ; killas, micaceous, with handed gritty 
lines, (Devonian.) Huel Vor Tin Mine, near Breague, 

Map 33. One mile east of a boss of granite, and partly 
metamorphic, being sparingly studded with imperfect crystals 
of staurolite, and very small crystals of schorl, 

96. — ^Ditto ; Consols Mine, Redruth, Cornwall, Map 31. 

Near Elvan Dyke and a boss of granite, 

97. — ^Micaceous gneissic rock : Bolt Head, Salcomhe, 
Devonshire, Map 24. Metamorphic rock, composed of 
fine contorted foliated micaceous and quartzose interlami- 
nated layers. 

98. — Micaceous gneissic rock : Lizard Head, Cornwall, 

Map 32. Fine interlaminated layers of mica, talc, and 
felspathic matter, 

99. — Altered sandy rock, contorted and handed, some 
of the bands somewhat felspathic : St, Agnes Beacon, 
Cornwall, Map 31. Near a boss of granite, 

100. — ScHORLACEOUS CONTORTED ROCK, metamorphic, 
and banded like gneiss in interlaminations of quartz and 
schorl. From contact of slate and granite : Cattle on Dinas, 
Cornwall, Map 33. 

101. — Talcose and micaceous altered slate, (De- 
vonian.) Camelford, Cornwall, Map 30. Near junction of 
slate and granite. Metamorphic rock, containing imperfect 
crystals of staurolite. 

102. — Micaceous schist, (aZ^crcd Devonian,) Camelford, 
Cornwall, Map 30. Near junction of slate and granite. 
Metamorphic rock, containing many small crystals of sta^^^ 
roUte, 
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Umm i03 . — ^Micaceous hock, wUh crystals of staurolite. Me^ 

- — ’ tamwpAic rock* Cornwall* Locality unknown. 

W»ikm4S. — ^Micaceous Argillaceous rock, icith large crystals 

of staurolUe* 3Ietamorpkie rock associated with chloritic 
micaceous and gneissic rocks. Salco/nbe, Devonshire. 
Map 24. 

105. — Hornblende slate, weathered ; Porthomestock^ 
St* Kevemef Cornwall* Map 31. From a set of Tnetamorphic 
rocks that form great part of the county north of Lizard 
Head. 

106. — Hornblende slate, metamorphic rock* Beast 
Heady Lizardy Comtoall* Map 32. 

107. — Altered rock, slightly foliatedy traversed by 
granite vein* St* Clementes Islandy Mouseholcy Cornwall* 
Map 33* 

The metamorpliism of all the rocks of Cornwall and 
Devon seems intimately connected with large masses of 
granite, which lie among the palaeozoic strata. 


Metamorphic and igneous rocks from the Malvern District* 

108. — Gneissic rock composed of silvery micaj felspary 
and a little chlorite, A little north of the Wych, Malvemy 
fForcestershire* Map 55 S.E. 

109. — Gneissic rock, similar to the above. Same 
locality. 

no.— S yenite ; hornblende, felspar, and blue translucent 
quartz or siderite. A little north of the Wych, near Malvern* 
Map 55 S.E. This rock is associated with gneissic rocks, 
as above. 

111. — Quartz and felspar, coated with serpentinous 
matter* 

112. — Ditto. This specimen, when a fresh fracture of 
the interior is obtained, shows a kind of rude gneissic folia- 
tion. Ill and 112 are from rocks close to the eastern 
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boundary fault of the Malvern hills. The gr6uud seems 
much broken, and the fragments are coated with soft ser* 
pentinous matter, marked by ‘‘ slickenside ” polish. (See 
Memoii‘8 of the Geological Survey of Great Britain,” 
Phillips, vol. ii., p. 44.) 

1 13. — Gneiss, very crystalline^ exhibiting strong foliations 
of felspar and quartz, interlaminatcd with mica. North 
Hill, Great Malvern, Worcestershire, Map 55 S.E. 

114. — Syenite, very felspaihic. Felspar, quartz, and 
hornblende. North Hill, as above. 

This rock shows a feebly foliated structure, and may pos- 
sibly be the last stage before the gneiss passes fairly into 
granite, of which the Malvern Hills is partly composed. 
In these hills such passages are so frequent, that it is often 
impossible to draw any absolute line between the ordinary 
metamorphic rocks and crystalline syenite and granite. 




Metamorphic rocks of Caernarvonshire, 

1 15. — Gneissic ROCKj/o/iajfctf. Aberdaron, Caernarvon- 
shire, Map 76 S. Composed of foliations of quartz, silvery 
mica, and calcspar, 

116. — ^Ditto, without mica, and with a little hornblende. 
Same locality. 

117. — Red ribboned jasrar. Forth DinUeyn Head, 
Caernarvonshire, ‘‘ The rock of Forth Dinlleyn Point is 
a kind of coarse serpentine, with nests of red jaspar appa- 
rently intruded amid the green quartzose and chloritic 
schists, which arc much contorted on a small scale.” (Sir 
Henry de la Beche.) See similar jasper from Aberdaron, 
Caernarvonshire, on top shelf. 115 to 117 are from a series 
of metamorphic schistose and gneissic rock, which stretch 
along the south side of Caernarvon Bay from Forth Nevin 
to Bardsey Island. They are associated with serpentine 
and crystalline metamorphic limestone, containing much 
silica. 
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Metamorphic rocks of Anglesea. 

118. — Micaceous slate, foliated. Metamorphic Cam- 
'«ran-oM645. brian rock. — Bodwrog^ Anglesea. Map 78 N.W, Composed 

of foliated layers of quartz with mica slate. Close to a 
mass of granite 10 miles in length, which extends from 
near Llanerchymedd to the sea near Llanfaelog. 

1 19. — Chloritic slate. Tregaian^ Anglesea. Map 78 
N.W. Chloritic matter^ with lenticular layers of quartz. 
Foliated metamorphic Cambrian rock, 

120. — Schistose micaceous rock, foliated and contorted. 
Llaneiliany near Amlwch^ Anglesea. Map 78 N. W. Meta- 
morphic Cambrian. Part of a series of foliated rocks that 
form great part of the north of Anglesea. Probably most 
of them are of Cambrian date ; but the whole are so meta- 
morphosed that some of the strata may be altered Lower 
Silurian. 

121. — Gneiss. One mile N.E. of Ceirchiog^ Anglesea. 
Map 78 N.W. Metamorphic Lower Silurian rock, composed 
of well foliated layers of black mica and quartz. From a 
small tract of Silurian slaty rock, lying in the midst of the 
granite. 

122. — SerpentinEi - Tregela, near Llanfeche% Angle- 
sea. Map 78 N.W. Mottled reddish rock. From a mass 
included in metamorphic foliated Cambrian rocks in the 
north of Anglesea. 

123. — Green serpentine, Ceryg-moelion^ Holyhead Is- 
landy Anglesea. Map 78 N.W. From one of three masses 
of serpentine on the shores of the straits south of the 
Holyhead road. Contained in metamorphic Cambrian rocks. 

The serpentinous rocks of Anglesea and Caernarvonshire 
are metamorphic, and not eruptive. They have a layered 
(and almost a foliated) look, and are full of numerous small 
twisted contortions, like the ordinary foliated rocks of the 
country. The major part of Anglesea consists of foliated 
rocks, which are probably the equivalents of the purple 
and green Cambrian slates and grits of Nant Francon and 
Uanberis. 
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124.— Quartzo-^pelspathic rock, exhibiting obecuro Vppsm 
traces of lamination : probably an altered rock, Hosevamon, — . 
St* CohimbMajoVi Cornwall. Furnishes a good road material. 

Metamorphic rocks from Scotland. 

. 125. — Greenish grey siwceous grit, altered: near 
Shandon^ Gare^Loch^ Dumbartonshire. 

126. — Grey siliceous grit, metamorphic: Shandon^ 
Gare^Loch^ Dumbartonshire. 

This rock is much altered, and contains crystals of felspar 
and numerous semi-crystalline granules of white and pale 
blue quartz. The district is penetrated by felspathic dykes: 

No. 127. 

127. — Felspathic trap, with small crystals of black 
mica. Like some of the Cornish Elvans : (Case No. 6.) 

Pierces No. 126. 

128. — Gneisstc mica- schist, near Arrochar^ Loch Lo- 
mond, Argyleshire. Rather finely foliated laminm of quartz 
and mica, with a few quartz grains. 

129. — Gneissic mica-schist : Arrochar, near Loch Long 
Head, Argyleshire. More strongly foliated contorted gra- 
nular quartz and mica. 

130. — Ditto, wavy. 

131 . — Gneiss, into granite: Strontian, Argyle- 
shire. Felspar, quartz, and black mica faintly laminated, 
very crystalline. 

132. — Junction of granite and mica slate: Stron- 
Han, Argyleshire. Mica slate formed of black mica very 
metamorphic. Granite consists of quartz, felspar, and black 
mica. From the Great Exhibition of 1851. 

133. — Junction op gneiss and granite with an inter- 
posed granitic vein composed of felspar with a little quartz 
and mica. At Strontian, in the western part of Argyle- 
shire, a boss of granite is seen penetrating the gneiss which 
abounds in the district, and a little further to the west a 
large quantity of porphyry and trap occurs, covered in two 
or three places near Ardnamurchan by deposits of the oolitie 
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Vrrm attd liassic period.” — Official Catalogue of the Great Exhi- 
bitiofii 1851, p. 127, voL i. 132 and 133 may posaibly not 
IfaU-oaAels. actual junction, but be altogether gneisaic. 

From 125 to 133 the specimens belong to the great series 
of metamorphic, gneissic, and mica-chist rocks that form the 
Grampian Mountains. 

134. — ^Metamorphic limestone ; Tiree marble, Island of 
Tiree, Western Isles. Pink marble, with crystals of augite. 
In a mass about 100 feet in diameter associated with gneiss. 
McCulloch’s “ Western Isles,” vol. i., p. 49. See also polished 
cube, No. 28, in the Lower Hall, table-case of marbles. 

Metamorphic rochs from Ireland. 

135. — Talcose slate, with contorted laminee, slightly 
foliated with quartz. Croghan Kinshela Mountain, County 

Wicklow, Ireland. Near contact with granitic porphyry. 

136 . — Clay slate, nearly unaltered. Dunlaven, County 
Wicklow, Ireland. 

137. — Clay slate, altered, near junction of slate and 
granite: near Hollywood, County Wicklow. Seems some- 
what micaceous with small imperfect crystals perhaps of 
staurolite. 

138. — Micaceous slate, near granite: Hollywood Glen, 
County Wicklow. Possesses a wavy structure, probably in- 
duced by the development of impei’fect crystals of staurolite. 

139 . — Micaceous slate, near junction of slate and 
granite, near Hollywood, County Wicklow. Slightly foliated 
and gneissic in structure. Contains crystals of staurolite. 

140 . — Mica slate, /rom the immediate neighbourhood of 
granite. County Wicklow. From a foliated rock containing 
much mica, with small garnets and large crystals of stau^ 
Tolite. 

141. — Slaty rock, highly metamorphosed at junction of 
slate and granite : near Hollywood, County Wicklow. The 
slate has here been changed into a crystalline mass of fel- 
spar, quai'tz, and mica, and has probably almost undergone 
absolute fusion. 



JOINTS AN0 CLEAVAOE. 


121 


The specimens No. 136 to 141 partly show the gradual oiSSi. 
alieratioa or metainorphism of the Lower Silurian rocks of 
Wicklow as they approach tlie granite. 

These rocks at a distance from the granite arc ordinary 
argiliaoeous slate. As they approach the granite, they become 
micaceous, with highly contorted, foliated, gneissic lamina- 
tions, and near the junction there become developed in the 
rock crystals of aiidalusite, staurolite, and garnet, the effect 
of metamorphic action on some of the materials which 
constitute the slaty rock in its unaltered state. 


Wall-case 46 . 

Arranged and described by A. C. Eamsay. 

Specimens illustrative op Joints and Cleavage. 

■The jointed rocks in this case are not arranged according 
to any special system. There is so little known about joints, 
that any systematic arrangement according to definite laws 
is not yet practicable, although in certain districts systems 
of joints run in sets of parallel lines, which often cross each 
other. Their mode of occurrence and the geometrical forms 
they give to the rocks they traverse, are obvious in almost 
every quarry in rocks of all descriptions, and many of these 
forms are well represented on a small scale in the specimens. 
The practical use of joints is well understood by quarry- 
men, both in quarries where the wedge and lever are only 
used, and in those which are blasted. In both cases they 
guide the quarrymen as to the method by which masses of 
rocks may be obtained of the largest size, and with the least 
expenditure of labour. By using the joints as a guide, 
large blocks of sandstone, limestone, slate, granite, &c. are 
detached entire ; and in cases where great blasting opera- 
tions are conducted (as at Holyhead), by running judicious 
levels and galleries, in accordance with systems of joints, as 
much as 120,000 tons of quartz rock have been dislodged 
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dSSSt* broken up by one explosion of 18,000 lbs. of powder. 
9ral^^46. quarries care is taken to blast so that the largest 

jointed masses are dislodged. These are again broken up 
along the lines of joints and cleavage by the use of the 
wedge and mallet, and the rock is. thus prepared for the 
manufacture of slates. 

Joints and Clea.vage. 

1. — Ironstone, White Stone, (Coal-measures.) RusseVs 
Hall, Dudley, South Staffordshire. Map 62 S.W. The 
upper and under surfaces are beds^ The sides are joints, 
and the ends ordinary fractures. 

2. — Ironstone, Big vein, (Coal-measures.) Sirhowy Iron- 
works, Monmouthshire. Map 36. Contains fossils, Anthra- 
cosia. The surfaces of black shale are the top and bottom 
of the bed. The other sides joints. 

3. — ^Ironstone, {Carboniferous rocks.) N^herton, North- 
umberland. The front (marked) and back are split faces 
of the beds, the other sides are joints forming an irregular 
rhomb. 

4. — Chert, in Carboniferous limestone: Matlock Bath, 
Derbyshire. Map 82 S.W. The numbered (red) and oppo- 
site sides are the faces of the bed. The top is an accidental 
fracture, and the other three sides biq joints. 

6. — Felspathic rock : near Topleundy Hole, Cave on 
coast near St. Minver, Cornwall. Map 30. Four joints. 
forming a rhomb. 

6. — Lias limestone : coast, 2 miles south of Cardiff, 
South Wales. Map 36. The numbered and the opposite 
sides are planes of bedding. The other sides are joints 
slightly wavy, forming a rhomb. 

7. — Sandy slate (Devonian,) near Topleundy Hole, 

on coast, St. Minver, Cornwall. The upper and under 
sides are surfaces of a bed. The sides are joints. Imper- 
fect rhomb. Map 30. 

8. — MrcACEOUs sandstone, (Denbighshire sandstone.) 
Bwkh-y-fridd near Newtown, Montgomeryshire. The num- 
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hered and ha^ik surfaces are planes of bedding^ with scales of lTn»aa 
mica lying in them. The other sides are joints forming an 
irregular rhomb. Those at the sides are slightly curved. 

9. — Slate-pencil rock : Shap^ Cumberland, (Lower 
Silurian.) Comes out of the quarries in long jointed frag- 
ments^ which are afterwards cut into pencils. 

Similar rocks occur in a great sea cliff of Lower Silurian 
rocks, Ramsey Island, opposite St. David’s, Pembroke- 
shire. Map 40. 

10. — Tilestone, (uppermost beds of Upper Silurian.) 
Longhope^ Gloucestershire, Map 43 S.E. The numbered and 
opposite sides are planes of bedding^ the ends are accidental 
fractures^ and the other two sides are joints^ lying approxi- 
mately in the same plane. 

11. — ^Felspathic slaty rock altered. Lower Silurian, 
(Caradoc or Bala beds.) Pass of Llanberis^ Caernarvon- 
shire, Map 78 S.E. The numbered and the opposite sides 
are probably planes of cleavage. The upper surface is a 
joint. The under surface is partly a joint, ending in an 
irregular fracture. The direction of the opposite joints 
nearly coincides. 

12. — Purple slate: Cambrian rock, Llyn-Padarn^ 
LlanberiSy Caernarvonshire, Map 78 S.E. The direction 
of the bedding is shown in the green and purple lines at the 
end marked x . The front and back surfaces are planes of 
cleavage. The upper and under surfaces are joints nearly 
parallel^ the regularity and continuity of which have appa- 
rently been interrupted by an alteration in the fineness of 
the grain of the rock at the end marked x . 

13. — ^Purple slate and grit, as above. The bedding 
is shown by i\iQ junction of slate and grit. The front and 
bcuik surfaces are planes of cleavage, the regularity and 
smoothness of the cleavage being interrupted where it 
enters the grit. The bottom plane is an irregular fracture 
nearly coincident with the bedding. The other four lines 
are joints. 
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irjpwn 14.— Banded slate and fine gritty bands, as above. 

OALUutr, specimen cleavage and bedding probably coincide* 

Wili-caseie. numbered side and its opposite are in these planes. 
The other four planes are joints producing a rhomb. 

15 to 24. — ^Purple Cambrian coarse slates, as above. 
In all these the original muddy purple substance of the 
rock is so homogeneous that the bedding in small spe- 
cimens is usually indistinguishable. The beds from which 
they come are exceedingly contorted, and the cleavage 
nearly vertical, so that cleavage and bedding only acci- 
dentally coincide. On the specimens the figures are marked 
on the cleavage planes* All the other planes are joints, 
giving various forms to the specimens. 

In No. 15, the end joints if prolonged would form a tri- 
angle with the others. No. 16 is a rhomb ; and nearly in 
tlie same planes as those on the right and left there are four 
joints in the body of the specimen marked by faint white 
lines filled with silica. 17 to 20 are also rhombs. The 
joints of 21 and 22 form scalene triangles, the latter im- 
perfect from the interference of a small joint at the base. 
The joints of 23 originally formed a triangle, but one of 
the angles has been knocked oft' at another joint so as to 
form a four-sided figure. In 24, the planes of the joints if 
pix)duced would meet at different points, and the same is 
the case in other specimens. 

25. — ^Conglomerate. {Cambrian.) St. David’s, Pem- 
brokeshire. Map 40. Joints cutting through the pebbles* 

Cleavage. 

The remainder of the specimens in this case more espe- 
cially illustrate some of the relations of cleavage, joints, and 
stratification. Cleavage may be defined to be a re-arrange- 
ment of the particles and larger substances that enter into 
the composition of certain rocks so as to produce a fissile 
structure or a tendency to split in given directions, some- 
times accidentally coincident or nearly coincident with 
planes of stratification, but generally transverse to these at 
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every possible angle. The origin of cleavAge has been 
referred to electric action” and to ‘‘polar” and — 

talline forces.” These words, however, convey no definite 
impression to the mind when viewed in connexion with 
cleavage, and from the writings of Professor Phillips and 
Mr. Daniel Sharpe, but especially by the memoirs and 
experiments of Mr. Sorby and Professor Tyndal it now 
begins to be generally understood that cleavage is the result 
of •pressure induced by those disturbances that have fre- 
qmntly produced contortion of cleaved strata. It is not 
the case, however, that all contorted strata are cleaved, 
although perhaps all cleaved rocks are contorted. Probably 
all the portions of strata intensely cleaved have been buried 
deep beneath superincumbent masses when those forces 
operated that produced cleavage, whereas uncleaved con- 
torted rocks were generally so near the surface that they 
were able more easily to fracture and yield, so that their 
component particles were not forced by pressure to re- 
adjust themselves so ns to produce cleavage. It is not 
necessary here to discuss the causes of these disturbances. 

It is suflEicient to recognize the fact that highly contorted 
rocks have been subject to pressure lateral) and 

that “ this force by changing the dimensions of the rock has 
so re-arranged the laminar particles as to cause a very 
great majority to lie in a plane perpendicular to it '' — 
(Sorby.) If these rocks contain water in minute inter- 
spaces, these cavities would necessarily be elongated in the 
same direction. — (Tyndal.) The whole rocky substance 
has, therefore, often been compressed into narrower space 
and stretched in directions at right angles to the direction 
of the pressure, so that la^e bodies, in many cases, become 
visibly compressed, often flattened, and much distorted, 
the distortion, for instance, sometimes elongating, and at 
other times broadening fossils far beyond their ordinary 
dimensions, and giving unsymmetrical shapes to forms 
that in their natural state are symmetrical. The true 
slaty structure in rochs is always the result of cleavage. 
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tJFsaE examples may be seen in innumerable places in Wales, 
— and in none more strikingly than in the well-known slate 
quarries of Pem*hyn, Llanberis, and Ffestiniog. 

26. — Fine sandy bock, calcareom and felspathic. Top 
of Snowdon^ Caernarvonshire. Map 75 N.E. Part of the 
Caradoc or Bala beds imperfectly cleaved. Cleavage crosses 
the bedding at an angle of about 11®, and the fossils (chiefly 
Orthis Jlabellulum) are much distorted. 

27. — Grit : Caradoc rock or Bala beds. Pass of Llan- 
beris Caernarvonshire. Map 78 S.E. Imperfectly cleaved. 
The beds dip at angles of about 60® to 70®, and the cleavage 
and bedding in this specimen form an angle of about 10® 
(cleavage, 70® to 80®.) 

28. — Slate {Upper Devonian) fossiliferous, cleavage 
coincident with bedding or nearly so. Spirifer disjunctus 
flattened and much distorted. 

29. — Clay slate : Upper Devonian (carboniferous ?), 
Petherwyn^ Devonshire. Cleavage and bedding form ap 
angle of about 10®. Strophalosia caperata flattened and 
distorted by cleavage. 

30. — Clay slate, ( Upper Devonian.) TintageH, fJomwall. 
Cleavage and bedding coincident. Spirifer disjunctus flat- 
tened and very much distorted. Map 30. 

31. — Slaty felspathic concretionary : west side 

of Camedd Dafydd^ Nant Francon. Map 78 S.E. Cleavage 
and bedding form an angle of 19®. Bedding and cleavage 
both dip easterly at high angles. Shows a concretionary 
structulre. The concretions are flattened in the planes of 
cleavage. 

* 32. — Slaty conglomerate : Cambrian. North-east sido 
of Llyn Padam^ Llanberis^ Caernarvonshire. Map 78 S.E. 

This Remarkable specimen is derived from one of the Cam- 
brian conglomerates below the slate of the great slate 
quan'ies of Llanberis. The whole country is intensely 
cleaved. The rocks at this point dip south-easterly at 
an angle of about 55® to 60®, and the cleavage in the same 
general direction about 80®^ In specimens and even on 
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the ground ^ lines of bedding are exceedingly obscure^ Uffes 
except to the most practised eye. They are coloured red 
in the specimen and show many minute contortions. The 
rock in its unaltered state was a slaty conglomerate^ and by 
compression the pebbles have all been elongated in the direc- 
tion of the planes of cleavage* 

33. — ^Fine gbitty and slaty reds. Purple and grey 
Cambrian rocks : near Bangor^ Caernarvonshire. Map 78 
S.E. The layers of different colours show lines of stratifi- 
cation. The numbered and opposUe surfaces are planes of 
coarse cleavage. 

34. — Slate and grit, purple and green. From tho 
lower part of tho Cambrian strata : Llyn Padarn^ Llanberis^ 
Caernarvonshire. Map 78 S.E. 

This specimen shows lines of stratification^ joints^ and 
cleavage. On the left is a gritty band marked x , with 
internal lines of wavy stratification, some of them marked 
in red. It adjoins rather coarse slaty beds, the different 
strata of which are marked by natural purple and green 
lines. The plane marked A is a joint with a wavy surface. 

The green beds are more gritty than the purple beds, and 
the waving plane of the joint slightly rises with the gritty 
bands, and becomes depressed in tho spaces occupied by the 
finer slaty beds. This alteration of the direction of the 
joint is especially marked where it joins the coarser gritty 
band marked X. The surface marked B is a cleavage 
plane. In the larger and more slaty portion of tlie rock 
the lines of cleavage are slightly wavy, in consequence of 
the different results produced by pressure on beds of various 
degrees of hardness and coarseness. Where the slate joins 
the coarser grit X the sudden change in the direction of 
the cleavage is especially remarkable. In the slaty portion 
the cleavage and bedding form an average angle of about 
46°. In the coarser grit X the angle is about 16°. 

35. — ^Small specimen from the same locality, showing the 
same kind of phenomena. 
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gYlSjby 36.— ‘Coarse green and purple slate ( Cumbrian) Lfyn 

— * Padarn^ Llanberis, Shows lines of straHJication marked 
green and ash grey, traversed by coarse cleavage. 

37. — Sandy slate, Lisburne Mines^ Cardiganshire. Map 
57. The red lines show the direction of the planes 
bedding. The surfaces at the sides are planes of cleavage^ 
and the bottom^ top^ and front planes are joints. 

38. — Roofing slate : Ffestiniog Slate Quarries^ Caer* 
narvonshire. Map 75. The red lines show the direction of 
the beds. The surfaces of the slate (like all true slates) 
show the planes of cleavage, 

39. — Ancient roofing slate, from Carew Churchy Pem» 
broheshire. 

Probably derived from the coarse Cambrian slaty beds 
south of St. David’s. The green and purple lines show 
lines of bedding, and the cleavage which cuts them at an 
angle of about 30'^, is very coarse. 

40. — Slate, Westmoreland. Exhibiting well marked 
ribboned lines of wavy stratification in various shades of 
ashy grey. 

These beds are traversed by seven small faults^ in which 
it is remarkable that the downthrow is on the opposite 
side from that which is usually the case in nature on a 
large scale. In most cases the downthrow is in the direc- 
tion of the slope or “ hade” of the dislocation. The polished 
front surface is a cleavage-plane. 

41. — Banded slaty rock, showing lines oi bedding^ joints^ 
and cleavage. The front and back are cleavage planes. 
The upper and under surfaces are planes of bedding^ and 
other parallel beds, in narrow bands, lie between. The 
sides are joints. 

42. — Black slate, Dolwyddelan^ Caernarvonshire. Map 
75 N.E. Caradoc and Bala beds, showing joints and 
cleavage. The top, bottom, and sides are joints, and the 
planes in which it is split are cleavage planes. 

This specimen forms part of a small block bounded by 
joints, and suitable for splitting for the manufacture of 
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small slates. It has been split into three pieces, but would 
have admitted of finer division. The value of slaty rocks 
mucli depends on the number of joints and their arrange- 
ment. The fewer the joints the larger are the slabs and 
slates that may be manufactured from the blocks extracted 
from the quandcs. 

43 to 48. — Slates of various kinds. 43 and 48 are 
from the slate quarries of Penvhyn and Llanheris^ in the 
Cambrian rocks of Caernarvonshire ; 44 is from the 
Llandeilo flag slate quarries of Barry Island^ North Pem^ 
hrokeshire ; 45 is from the Ffestiniog slate quarries ; 46 
from the slate quarries in the Caradoc or Bala rocks oiDoU 
toyddelan ; and 47 from the Devonian rocks of Tintagell, 
Cornwall. 

49 to 53. — ^Various specimens of the darker cleaved 
PURFLE ROCKS of the Cambrian slaty region of Llanberis. 
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IGNEOUS ROCKS. 

The contents of Wall-CaS6S 1 aud 2 b and the table Wall-case 
cases in recesses 4 afid 6, are mtended to illustrate the igneous ^ 
productions of tertiary and existing volcanos, and for com- 
})arison with similar products of more ancient date, collec- 
tions of which are placed in WaU-CaseS 4 tO 7, 

CaS6 1 contains specimens of the volcanic rocks of Aden^ 

1 to 19 ; and of volcanic rocks and products of eruption 
of Hawaii, numbered from 20 to 42 a. 43 to 121 are from 
the {tertiary .^) volcanic rocks of the mining district of 
Schemnitz, in Hungary, from Croatia, aud Transylvania. 

The lavas of the extinct tertiary {miocene volcanos of 
the Rhine are represented by specimens 122 to 130 from 
the Eifel. 131 to 137 are from the volcanic mountains of 

I 
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St Fincentf and 140 to 147 from the nearly dormant voU 
cano of the Island of Teneriffe. 

Ca436 2 is principally occupied by a series of specimens 
of lava and other volcanic products from the Island of 
Ascension, presented by Captain Ord and Mr. Charles 
Darwin, the latter of whom also contributed the series of 
volcanic rocks from the Galapagos Archipelago. These, 
with a few from the Cape de Verde Islands, Mexico, and 
Guyaquil, with others from White Island, New Zealand, 
and the Crimea, complete the collection. 

Table-CaS6 A in rocoss No. 4 contains a collect 
tion of lavas, ash^s, simple minerals, and other products of 
eruption from Monte Somma and Vesuvius, accompanied by 
a model, coloured geologically by M. Dufr4noy, to illustrate 
the localities and the nature of the accumulations, from 
which the specimens were taken. 

These have been arranged chronologically, commencing 
with those erupted in the yeai* 79, and terminating with 
those due to the eruption of 1855. 

The remaining portion of the contents of this case con- 
sists of simple minerals occurring in the lavas of Monte 
Somma and Vesuvius. 

In the Table-case B in recess No. 6 will be found 

a collection of volcanic pi’oductions, simple minerals, and 
associated rocks from the extinct volcanos of the Roman 
States, together with a series of volcanic rocks and pro- 
ducts of eruption from Etna. These specimens have been 
arranged, not chronologically, but mineralogically. A 
relief-model of the latter mountain, geologically coloured 
by M. Elie de Beaumont, is placed here to illustrate the 
collection of specimens from that locality. — H. W. Bristow. 



VOLCANIC ROCKS OF ADEN. 


131 


Wall-case 1 . 

Arranged and described by H. W. Bristow, F.G.S. 

Shelf 2 contains specimens of the volcanic rocks of the 
extinct volcano of Aden^ numbered 1 to 19. 

Nos. 1 to 7 show the general character of the lava of that 
peninsula, and the passage from compact basalt into porous 
cellular lava ; they also serve to exemplify the manner in 
which such lavas, after cooling, become coated and partly 
filled with Calc spar, Gypsum, Quartz, &c. 8 and 9 are 

varieties of the less fusible felspathic lava. Trachyte. 10 to 
13 are the more intensely fused lavas, which by a more or 
less rapid rate of cooling pass from a real transparent 
volcanic Glass into Obsidian (12), and the morci opaque 
substance Pitchstone. 

The lighter lava or Pumice (14 to 16) has not flowed from 
the interior of the crater like an ordinary lava-stream, but 
has been ejected during the periodical explosions which 
take place simultaneously with the more quiet action of the 
volcano, when ashes, cinders, and fragments and masses of 
rock, and melted lava are hurled into the air, frequently to 
enormous heights, by the influence of pent-up stejim and 
gases. Of the substances so ejected certain portions fall 
back again into the interior, or ticcumulating around its 
mouth serve to increase the height of the already existing 
crater, while other portions, being scattered far and wide, 
cover the surface of the country for many miles. 

Pumice, one of the ejected substances in question, be- 
coming cooled in its passage through the air, retains the 
porous, spongy structure it originally possessed, owing to 
the presence of the vapours or gases with which it was 
permeated. 

“ The ashes, cinders, and molten rock ejected, may often 
be considered as little else than modifications of the same 
substance/’ at one time in a state of fusion, at another 
driven off by vapours and gases in portions of different 

I 2 
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volume, and so impregnated by them as to be rendered 
cellular. These, from the intensity and suddenness of ex- 
plosions and other causes, often become divided and tritu- 
rated into fine grains and powder, so light as to be borne great 
distances by the winds, and sometimes darkening the air. 

U^Tall-CaSG 2i, Nos. 65-67, and 133.) Under favourable 
circumstances, these becoming consolidated (CaS6 2) Nos. 
64, 68 to 81) form Tufa, Peperino, &c., or falling into or 
being subsequently carried into the sea, enclose and fossilize 
shelly and other organic bodies CaS6 2, No. 66).-— 
II. W. B. 

Shelf 3, containing specimens numbered from 20 to 42«, are 

from the modern volcanos of the Sandwich Islands, 

Nos. 21 to 32, and No. 34, furnish good examples of the 
cellular structure assumed by lava that has undergone perfect 
fusion, and has Ixhmi ])ermeated by gases or aqueous vapours. 
They also (lenot(‘ the manner in which streams of lava so 
penetrated by gases have had their vesicles oj‘ air-cham- 
bers elongated and drawn out during the process of flowing. 
So long as the lava retains sufficient heat for it to flow, and 
to allow its })articles to move freely amongst themselves, 
the air-vesicles undergo a change of form, and are elon- 
gated or drawn out in the direction traversed by the moving 
mass. Exainjdes oi* this result of the flow of a heated 
viscous mass are sliown in Wall-CaS0 1? Nos. 29, 30-36, 
and Wall-case 2, Nos. 7 and 8. 

The outer portions of the stream^ which have been raost 
rapidlif cooled, assume a scoriaceous or slagAike aspect, 
instances of whir k are afforded by 21 to 25, 27, 31, and 35. 

A varii'ty of this scoriaceous lava, 35, is partially coated 
with small crystals of specular iron, which have been depo- 
sited on its surface by decomposition of sublimed chloride 
of iron. 

Other speeimeiis, 36 to 41, contain included crystals of 
uugite and olivine. The presence of these minerals is, pro- 
bably, generally due to the separation of the substances of 



YOXiCAKIO BOOKS OF SOHXMNITZ, ETC. 


133 


which they are composed, from the including mass during 
the process of slow cooling, and, possibly, is sometimes •— 
the result of the remelting of older lavas, into the compo- 
sition of which they entered ; in such cases, if less fusible 
than the more modern lava, they would be caught up by it 
and retained, undergoing but little change themselves. 

Nos. 42 and 42a are specimens of native sulphur^ a mineral 
frequently found sublimed in and around the craters of vol- 
canos. The sulpiiur from the Sandwich Islands is chiefly 
remarkable for containing an admixture of Selenium^ to 
which it owes the red colour tliat is mori‘ es])ecially to be 
observed on 42a, 

Shelf 4 and part o f shelf o (43 to 93) contain specimens 
of the trachytes and associated volcanic rocks of the mining 
district of Schemnitz, in Hungary, — Of these, 44 to 47 are 
basaltic rocks. 48 tcwoo are vaideties oY [)eiiristone, souk? of 
which (52 and 53) contiiin splicer ulites. The formation of 
the latter is oAviiig to the separation of certain parts from 
the general mass while? passing from tin* melted into the 
solid or stony state, and is dependent upon tin? condition 
under which the cooling of the mass took pla(;e. 57 to 68 
arc varieties of greenstone ; the first contains spherical 
concretions, and 66 to 68, which contain included crystals 
of other minerals, are known by the name of Poiphyries, 

Trachytes are represented by specimens 70 and 85. Of 
these eruptive rocks, there are no true nqu’esentatives in 
the British Islands. The trachytes are, for the most part, 
less fusible than the ordinary augitic lava, into the com- 
position of which sili(;atc of lime enttTs largely, being 
formed chiefly of orthoclase, or potash felspar. These rocks 
derive their name from rpaxvq (rough), from the rough, 
uneven characler of their fractured surface. 

94 to 101 are from the Bannat and Croatia, principally 
to illustrate the rocks, associated with the ores, which are 
worked at Drey Konig Mine. Of these, 94 to 96 are vol* 
canicy 97 and 98 are the rocks associated with and containing 
the ores. 
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102 to 121, from various localities chiefly in TransyU 
vania^ are illustrative of the greenstones (102 to 104), the 
porphyries (105 to 107), and the trachytes of that country. 

On the lower shelf is a series of specimens (122 to 130) 
from the extinct tertiary volcanos of the EifeL 

131 to 137 are principally varieties of highly crystalline 
porphyritic greenstones from the volcanic mountain of St 
Vincent 

138 is a curious variety of concretionary greenstone from 
Corsica. 

Specimens of lava^ pumice^ sulphur^ &c. (140 to 147) 
from the Peak of Teneriffe^ are placed on the upper shelf, 
together with (139) a specimen of stalactitic lava from 
Etna, which is too large to accompany the collection to 
which it more properly belongs. — H. W. Bristow. 


Wall-case 1. 

Volcanic Rooks and Minerals prom Aden. 

IVesented by the Honourable the Court of Directors of the 
East India, Company. 

The Peninsula of Aden, near the entrance to the Red Sea, 
is a promontory about 5^ miles long by to 3^ miles broad. 
It is formed of a mass of dark, sombre-looking rocks, which 
attain an elevation of 1776 feet above the sea level. The 
town of Adtm is built on the eastern side of the promontory, 
in a plain, surrounded by an amphitheatre of rocky moun- 
tains. This plain, which is nearly flat, and but slightly 
raised above the level of the sea, is three miles in cir- 
cumference, and apparently the crater of an extinct 
volcano. — H. W. B. 

1. — ^Basalt traversing the volcanic rocks in dykes. 

2. — Grey massive basalt, very slightly vesicular, and 
with a few small crystals of glassy felspar. 
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3. — Grey vesicular lava, with the cells elongated in 

• the direction in which the stream flowed. These became j 

afterwards filled with a white mineral, which has subse- ® 
quently, in most cases, decomposed, leaving the cells empty. 

4. — Reddish-brown vesicular lava, with a few crys- 
tals of glassy felspar. The vesicles have been filled with 
calc spar^ which has decomposed in some cases, and the cells 
become lined with a thin coating of chalcedony and rock 
crystal. 

5. — Highly vesicular lava, with calc spar^ and 
minute prismatic crystals of quartz. 

6. — Reddish-brown vesicular lava, with a thin layer 
of mammillated chalcedony^ upon which are small lenticular 
crystals of sulphate of lime. 

7. — Calc spar^ in imperfect crystals investing vesicu- 
lar lava. 

8* — Grey trachyte passing into basalt, and containing 
a few small specks of glassy felspar. 

9. — Grey, slightly vesicular trachytio POitPHYRr, with 
a few’ small crystals oi glassy felspar. 

10. — PiTCHSTONE, occurring in beds 18 inches thick, be- 
tween lava streams. 

11. — PiTCHSTONE, with Crystals oiaugite. 

12. — Greenish obsidian, with streaks and laminations 
of other colours. A familiar example of similar appear- 
ances may be noticed in the slags of iron furnaces, which are 
artificial lavas, composed of silicates of alumina and limci 
with a little iron and other minor constituents. A.C.R. 

13. — Light-green transparent obsidian, or volcanic 
GLASS upon lava. 

14. — Pumice, with crystals of gypsum {sulphate of lime). 

15. — Pumice, with a fibrous silky structure. 

15, — Vesicular pumice, coated with sulphate of lime. 

17. — Volcanic rock traversing pumice in dykes. 

18. — ^Volcanic breccia passing into basalt. 

19. — Volcanic breccia with much sulphur^ and a thin 
band of reddish-brown compact felspathic trap. 
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Specimens of volcanic rocks and minerals from Kilauea 
and Hawaii^ in the Sandwich Islands^ collected and 
presented by Count Strzelecki^ C.B, 

The three principal volcanic mountains in Hawaii are 
Mauiia Loa, Mauna Kea, and Hualalai. Of these, the 
former is supposed to be 13,760 feet above tlie level of the 
sea, and the second 13,950. There are great numbers 
of minor craters scattered over their slopes, one of which, 
Kilauea (Lua Pele), is situated on the flank of Mauna Loa, 
at a distance of nearly 20 miles from the summit ; its 
height has been variously estimated by diflerent observers — 
by Count Strzelecki at 4,101 feet. Tins last crater is 
described by Ellis, in his “ Tour in Hawaii,” as situated on a 
lofty elevated plain, l)ounded by precipices, and a})parently 
sunk from 200 to 400 feet below its original level. “ The 
surface of this plain was uneven, and streAved over with 
loose stones and volcanic rock, and in the centre was the? 
great crater. Immediately before us yawned an immense 
gulf in the form of a crescent, about two miles in length, 
from N.E. to S.W., nearly a raih' in Avidtli, and apparently 
800 feet deej). The botlom Avas cover(‘d with lava, and tlie 
S.W. and northern parts of it were one vast flood of burn- 
ing matter in a state of terrific ebullition, rolling to and fro 
its fiery surges and flaming billoAvs. Fifty-one conical 
islands, of varied form and size, containing so many craters, 
rose either round the edge, or from the surface of the burn- 
ing lake ; 22 constantly emitted columns of grey smoke, 
or pyi’amids of brilliant flame ; and several of these at the 
same time vomited from their ignited mouths streams of 
lava, Avhich rolled in blazing torrents down their black 
indented sides into the boiling mass below. The side of 
the gulf before us, though composed of different strata of 
ancient lava, werci perpendicular for about 400 feet, and 
rose from a wide horizontal ledge of solid black lava^ of 
irregular breadth ; but, extending completely round, be- 
neath this ledge, the sides sloped gradually towards the 
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burniug lake, wliich was, as nearly as we could judge, 300 
or 400 feet lower. It was evident that the large crater had — 
been recently filled with liquid lava up to this black ledge.” 

The lavas of Hawaii appear to have been in a very 
fluid state, as will be seen on reference to specimen No. 

20, &c. 

They have also been poured out in (mormous quanti- 
ties ; a stream of basaltic lava, two miles broad and 25 
miles long, ])roceeded from an opening in Mauiia Loa, 

13,000 feet above the level ol* tlio sea. (Ly ell’s “ Princi- 
ples of Geology,” p. 383.) 

In June 1840 a stream of melted lava continued to flow 
for threi'. weeks into the sea, in coming in contact with 
which it became shivered like melted glass poured into 
water, and heated it so much as to cause the shores to be 
strewed with dead fish for a distance of 20 miles. The 
area covered by the lava was calculated at about 15 
square miles, with an average depth of 12 feet, and the 
lower pit of Kilauea, which was calculated to have held 
15,400,000,000 cubic f(?et of molten matter, was emptied by 
the discharge of thci lava through the fissures by which it 
was discharged at intervals. 

The ejection of cinders and ashes appears to be compara- 
tively of rare occurrence ; they arc, however, occasionally 
thrown out. Thus, in 1789, a large volume of cinders and 
sand is said to have heeii thrown to a great height, and 
to have fallen in a destructive shower for many miles 
around. Some men, belonging to an army then on its march, 
are described by Dana to have been killed by this shower 
of cinders, 8cc., while others perished from an emanation of 
heated vapour or gas. 

The modern lava and volcanic glass of Kilauea are com- 
posed of silica, protoxide of iron, alumina, soda, potash, and 
lime, but these vary much in their relative proportions. 

They contain a large amount of oxide of iron. Professor 
Silliman, jun., asserts that soda is present to the exclusion 
of potash, but this is not borne out by Mr. Peabody’s ana- 
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lysis of P616’s Hair (No. 20), in which both potash and 
soda are given. — H. W. Bristow. 


20. — Capillary lava, or volcanic class. — ^Lava when 
ill a very fluid state blown by the wind into hair-like fibres. 
It is called by the natives PHe*s Hair^ after the principal 
goddess of the volcano. In chemical composition it closely 
resembles awgite. The following analysis is given by Dana : 
— Silica, 39*74 ; alumina, 10’o5 ; protoxide of iron, 22*29 ; 
lime, 2*74; magnesia, 2*40 ; soda, 21*62. 

Kilauea, Island of HawaiL 

Dana describes the mode of formation of this substance 
from actual observation, as follows : — “ It covered thickly 
the surface to leeward, and lay like mown grass, its threads 
being parallel and pointing away from the pool (of melted 
lava). On watching the operation a moment, it was appa- 
rent that it proceeded from the jets of liquid lava thrown 
up by the process of boiling. The currents of air blowing 
across these jets bore off small points and drew out a glassy 
fibre, such as is produced in the common mode of working 
glass. The delicate fibre floated on till the heavier end 
brought it down, and then the wind carried over the lighter 
capillary extremity. Each fibre was usually ballasted with 
the small knob which was borne off from the lava-jet by 
the winds.” — (“ (xeology of the United States* Exploring 
Expedition,” 1828-42, p. 179.) 

21. — Vesicular scoriaceous lava, showing on one side 
a smooth surface on which the melted lava flowed. 

22. — Very vesicular scoriaceous lava. 

23. — Vesicular scoriaceous lava from the outer por- 
tion of the stream. — Kilauea. 

24. — Finely vesicular reddish brown scoriaceous lava. 

25 & 26. — Very vesicular lava. 

27. — Scoriaceous lava, or volcanic slag ; very vesi- 
cular. 

28. — Cellular basaltic lava, Hawaiu 

29. — Vesicular volcanic slag, or cellular obsidian. 
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30. — Very vesicular lava, or cellular obsidian, 

31. — Scoriaceous lava, enclosing fragments of vesicu- 
lar lava, 

32 — Finely vesicular basaltic lava. 

33 Compact basaltic lava. 

34. — Vesicular lava, coated with gypsum (sulphate of 
lime\ which also tills some of the cells. 

35. — Scoriaceous lava, with crystals of specular iron, 

36. — ^Vesicular lava, or cellular obsidian, containing 
olivine, 

37. — ^Basaltic lava, with crystals of augile, some of 
which are in a decomposed state. 

37a. — Compact basaltic lava, with crystals of augite, 
mostly ill a decomposing state, and minute brilliant octohe- 
dral crystals of specular iron, 

38. Augitkj lava, scoriaceous, and containing crystals 
of olivine, 

39. — Vesicular lava, with olivine, 

40. — Scoriaceous augitic lava, with crystals of augite, 

41. — Scoriaceous lava, with large crystals of augite and 
olivine. 
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42. — Native sulphur, Kilauea, 

42a. — Native sulphur, sublimed round the twigs of 
plants. — Kilauea, 

The presence of Selmiium in the sulphur from Kilauea 
has been determined by the analysis ol' Ihofessor Silliman. 


Specimens of the igneous rocks of the mining districts of 
Schemnitz, Hungary, the Bonn at, Croatia, and Tran- 
sylvania, 

Presented hy Warington W. Smyth, M.A,, F.R.S. 

The Hungarian lavas are chiefly felspathic, consisting 
of dififerent varieties of trachyte ; many are cellular, and 
used as millstones ; some so porous, and even scoriform, 
as to resemble those which have issued in the open air. 
Pumice occurs in great quantity ; and there are conglo- 
merates, or rather breccias, wherein fragments of trachyte 
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are bound together by pumiceous tuff, or sometimes by 
silex. 

It is probable that these rocks were permeated by the 
waters of hot springs, impregnated, like the Geysers, with 
silica ; or, in some instances, perhaps, by aqueous vapours, 
whicli, like tJiose of Lancerote, may liave precipitated liy- 
drato of silica. 


“ It appears from the species of shells collected principally 
by M. Boue, and examined by M. Deshayes, that the fossil 
remains imbedded in the volcanic tuffs, and in strata 
alternating with them in Hungary, are of the Miocene type, 
and not identical, as was formerly supposed, with the fossils 
of the Paris basin.” — (Lyelfs “ Elements of Geology.”) 

43. — Granite, composed of felspar^ quartz^ and mica^ 
from the trachytes of the Glashutte^ Schemnitz, 

44. — Basalt. — Top of Kalvnrienherg, 

45. — Basalt, containing a very small quantity olivine, 
— GiesshubL 

46. — Amygilvloidal uasalt, the kernels filled with 
zeolite and calc spar, 

47. — ^Basalt, enclosing fragments of Hrachyte and a 
zeolilic mineral^ from the west edge of the basaltic muss of 
GiesshUhl, 


48 — Compact peaklstone, from the western extremity 
of the Vale of Hlinik, 

49. — Grey porpiiyritic peaulstoxe, composed of crys- 
tals quartz, glassy felspar, aud black mica, in a pcarlstone 
base. — From the conglomerate in tlie Vale of Hlinik, 

50. — ^PoRPHYiUTic PEAitLSTONE, another variety. 

51. — ^PoRPHYRlTlC PEARLSTONE. ^ TwO luiles West of 

52. — Pearlstone, loith spheerulite, ) Glashiitte. 

53. — Pearlstone, with spheerulite and specks of black 
mica, some in crystals. — ^Near the mouth of the Vale of 
Hlinik, 

54. — Pearlstone, with a few small specks aud laminm 
of black mica* Perlite Retinique ” of Beudant.) — Vale 
of Hlinik, 



OF SOHEltfNITZ. 


141 


55. — ^Pearlstone (‘^Perlite^hthoide Beudant). — Two Ura» 

M n Gallbet. 

miles west of GlamutU. — 

56. — ^PiTCHSTONE PORPHYRY, coinposcd of Crystals of^ 
felspar in a pitchstone base. — From a block at the foot of 
Mount Altes Schloss^ Glashiitte, 

57. — PoRPHYRiTic Greenstone, containing spherical 
concretions from the mine called* Stephani Sckacht 

58. — Concretions, from the greenstone^ No. 57. 

59. — Compact greenstone. 

60. — Greenstone, discoloured, and containing small 
cubes of iron pyrites, 

61. — Earthy rmEENSTOXE, west slope of Schobohner- 

62 & 63. — Altered greenstone, with a small quantity 
of iro7i pyrites^ from the hanging wall of a branch of the 
Theres gang (Theresa vein), north of Georg Stolhi, 

64. — Porphyritic greenstone, from the summit of 
Paradeisberg, 

65. — Porphyritic greenstone, from the east slo])e of 
Paradeisberg, 

66. — Greenstone porphyry, occurring in several va- 
rieties near the mouth of the Ferdinand Adit, being the first 
rock pierced by it. — Georg Stolbi. 

67. — Earthy greenstone porphyry, composed of crys- 
tals of Alhite {soda felspar) and prismatic crystals of black 
inica, with some hortihlende in a felspatho-hornblendic 
base : 100 yards west of Tepla. 

68. — Earthy dioritic porphyry, composed of crystals 
of Alhite {soda felspar) in a liornblendic base ; 400 yards 
west of Tepla, 

69. — ^Augitic porphyry, from the trachytes, east of 
Mt, Szitna, 

70 & 70 a. — E arthy trachyte, sent to Vienna, and 
used as porcelain earth ; from the conglomerates, west of 
Prinzendorfy and south of Mount Szitna, 

71, — Porphyritic trachyte, with augife and glassy 
felspar^ summit of Mount Szitna, 
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Uppsk 71a. — ^PoBPHYRiTic TRACHYTE With Crystals of mica, 

— ‘ augite, &c. south of tho basalt of GieBshubl, 

Tl 

72. — ScoRiACEous TRACHYTE, from a block near the 
rocks at the Teich,” or reservoir, half a mile south east 
of Kremnitz, 

73. — ScouiACKOus TRACHYTE, from a block near the 
rocks, at the reservoir, half a mile south east of Kremnitz^ 

74 — Trachyte, composed of crystals of black mica, 
hornblende^ and glassy felspar^ in a pinkish trachytic base ; 
west of Calvarienherg^ near the aqueduct. 

75. — Green trachyte, with a little glassy felspar and 
l)hick mica; near the Altes Schloss, Glashiitte, 

76. — Concentrically striped trachytic block, from the 
conglomerate below Antal, 

77. — Trachyte, with crystals of hornblende^ and glassy 
felspar; from a hill covered with loose blocks, 2 miles 
below Antal, 

78. — Trachytic porphyry, one mile west of Glashiitte, 

79. — Trachytic porphyry, composed of crystals of 
hornblende^ mica^ and glassy felspar, in a white trachytic 
base, from the slope above the cliffs of Glashiitte, 

80. — Spluerulitic milestone trachyte, Hlinik, 

81. — Trachyte vf \i\\ mica and hornblende, west of road 
between Bleyhiitte and Antal, 

82. — Trachyte (another variety), west of road between 
Bleyhiitte and Antal, 

83. — From the junction of trachyte and greenstone, west 
of Calvarienberg, near the aqueduct. 

84. — Trachytic conglomerate, composed of fragments 
of decomposing crystals of glassy felspar in a base of 
trachyte, containing minute specks of black mica, — ^North 
slope of Mount Vepor, 

85 . Trachytic conglomerate, used as a material for 

building the Cathedral at Gran.— Wissegrad, 
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86. — ^PuMiCEOUs CONGLOMERATE, abovc the Vale of 
Hlinik on the Kremnitz road. 

87. — PuMiCEOUS TUFA, Containing impressions of leaves^ 
from the trachytic conglomerate of Tepla^ in the Vale of 
Glashutte. 

88. — From the trachytes west of Mount Szitna, between 
Antal and Prinzendorf, 

89. — ^Felspathic rock, with crystals of glassy felspar^ 
from junction of trachyte and greenstone^ west of Calvarien- 
berg^ Schemnitz^ near the aqueduct. 

90. — Felspathic rock, with a few crystals of glassy 
felspar^ from the trachyte east of the road, a few hundred 
yards below Bleihiitte. 

91. — Coal, from a clay slate^ occurring in the Gross 
grubcy Felso Banya. 

92. — Coal, {anthraciticf) occurring in greenstone^ 70 
fathoms from the surface. — Andreas Shaft; Schemnitz. 

93. — Garnets, washed by the rain from the trachytic 
beds at Sajba, near Libethen. — Hungary. 

.94. — Syenite, from near its contact with limestone.— 
Drey Kbnig Mine^ Oravitza. 

96 . — Decomposed syenite Sand,^) near its junction 
with limestone. 

96. — ^Felspathic rock, with much hornblende^ in contact 
with syenite; to it succeeds, firstly, grey limestone, and 
then granular limestone. 

97. — Calcareous spar and garnet rock, occurring 
between syenite and limestone^ as matrix to the ore at Drey 
Kbnig Mine. 

97a. — C ompact grey limestone, occurring between 
granular limestone and syenite. — From the upper adit of 
the Drey Kbnig Mine. 

98. — Granular limestone^ containing ores of copper.— 
Drey Kbnig Mine. 


Upfjqi 

Gillsby. 

WallHMe 1 
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Uppbb 99, — White crystalline limestone, from Ruszhherg 

Ojixlbbx. . ^ 

— — tn me Bannat. 

100. — Flesh-coloured crystalline limestone, from 

Ruszhherg in the Bannat. 

101. — Marl, %cith nodules of Bitterkalk, Radohoj, Croatia , 

102. — Diorite (or greenstone), Nagy Banya. 

103. — Dioimtic porphyry, with calc spar, Vale of Fer- 
nezely, Nagy Banya. 

104. — Greenstone porphyry, with metalliferous threads, 
Nagyag, Transylvania. 

105. — Non -metalliferous porphyry forming the peaks of 
the mountains around Nagyag^ 

106. — Augitic (?) porphyry, Almas, between Zalathna 
and Nagyag. 

107 — Quartzose porphyry, between Zalathna and 
Nagyag. 

108. — Trachyte, altered by the action of the gases 
issuing from the cavern on the Budos Hegy. 

109. — Trachyte, with black mica^ rubellane; ^ 
Mount Biidos. 

110. — Track ytic conglomerate, Csetate Mines, Ahrud- 
banya. 

111. — Fel spathic PORPHYRY, occuriing among trachytic 
rocks. — Piatra Dorni. 

1 12. — Conglomeratic rock, probably in connection with 
the trachyte of Tihutza on the border of the Buhovina. 

113. — Granite, with green epidofe. — Magurha, near 
Unter Franz Stollen, Northern Hungary. 

114. — Trachyte, containing a vein of sulphur. — Ka^ 
linka, Sohler County. 

115. — Altered sandstone with specular iron, Ma» 
gurha. 
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Rock Specimens from ike Taurus Mountains, 

116. — Felspathic porphyry, tilting the slates around 
Kiehan Maden, 

117. — Green serpentine, from the neighbourhood of 
ochreous Breccia. — Argana Maden, 

118. — PoRPiiYRiTic ROCK, calc spar^ and occurring 

between serpentine (?) and limestone. — West of the Serai, 
at Argana Madeii, 

119. — Altered marly shale, capping liills of serpen- 
tine at Argana Maden, 

119a. — Reddish-brown limestone, altered by the intru- 
sion of serpentine (?) — Argana Maden, 

120. — Reddish-brown altered marly slate, capping 
hills of serpentine at Argana Maden. 

121. — ^Limestone, altered by serpentine ; from Argana 
Maden, 

Volcanic specimens from the extinct Volcanos of the Eifel 
on the Lower Rhine, 

Presented by G. Poulett Scrope, M.P., F.R.S, 

Newer Volcanos of the Eifel. — The volcanos of the 
Eifel are of a date coeval with that of the brown coaP* 
of the Germans, which has been variously referred to the 
close of the Eocene, or to the commencement of the Mio- 
cene epochs. 

“ The fundamental rocks of the district are grey and red 
sandstones and shales, with some associated limestones, 
replete with fossils of the Devonian or Old Red Sandstone 
group. The volcanos broke out in the midst of these in- 
clined strata, and when the present systems of hills and 
valleys had already been formed. The eruptions occurred 
sometimes at the bottom of deep valleys, sometimes on the 
summit of hills, and frequently on intervening platforms. 
In travelling through this district we often fall upon them 
most unexpectedly, and may find ourselves on the very edge 
of a crater before we had been led to suspect that we were 

K 


ITppee 
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app^^aeliing the site of any igneous outburst. For this we 
been prepared by the occurrence of scorisB scattered 
over the surface of the soil. But on examining the walls of 
the crater we find precipices of sandstone and shale which 
exhibit no signs of the action of heat ; and we look in vain 
for those beds of lava and scoriae, dipping in opposite direc- 
tions on every side, which we have been accustomed to 
consider as characteristic of volcanic vents. As we pro- 
ceed, however, we find a considerable quantity of scoriae 
and some lava, and see the whole surface of the soil 
sparkling with volcanic sand, and strewed with ejected 
fragments of half-fused shale, which preserves its laminated 
texture in the interior, while it has a vitrified or scoriform 
coating. 

‘‘ The most striking peculiarity of a great many of the 
craters, is the absence of any signs of alteration or torrefac- 
tion in their walls, where these are composed of regular 
strata of ancient sandstone and shale. • • • There is, 
indeed, no feature in the Eifel volcanos more worthy of 
note than the proofs they afford of very copious aeriform 
discharges, unaccompanied by the pouring out of melted 
matter, except, here and there, in very insignificant volume. 
I know of no other extinct volcanos where gaseous explo- 
sions of such magnitude have been attended by the emission 
of so small a quantity of lava. 

“ In the Lower Eifel, eruptions of trachytic lava preceded 
the emission of currents of basalt, and immense quantities 
of pumice were thrown out wherever trachyte issued. The 
tufaceous alluvium called trass, which has covered large 
areas in this region, and choked up some valleys now par- 
tially re-excavated, is unstratified. Its base consists almost 
entirely of pumice, in which are included fragments of basalt 
and other lavas, pieces of burnt shale, slate and sandstone, 
and numerous trunks and branches of trees.” — (Lyell’s 
“ Manual of Elementary Geology,” 5th edition, pp. 545~ 
548,) 

122. — ^Vesicular lava, Gebirge, on the Rhine, 
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123. — Scoriaceous basaltic lava, remarkably hard and 

containing fine crystals of augite^ with a few crystals — 
of reddish coloured felspar ; from the Laacher-see. (See ' 

Hibbert On the Extinct Volcanos of the Rhine,” p. 148.) 

124. — Vesicular basaltic lava, with crystals of augite. 

— Biebrich. 

125 Slightly vesicular basaltic lava, with crystals of 

augite and olivine, — Norenberg. 

126. — Slightly vesicular basaltic lava, with a few 
crystals of augite^ glassy felspar^ and quartz^ and small 
specks of haiiyne^ and containing entangled fragments of 
laminated felspatho-hornblendic rock, — Mayen, 

(See Hibbert On Extinct Volcanos of the Rhine,” 

p. 116.) 

127. — Scoriaceous basaltic lava. — Weinfeld. 

128. — Slightly vesicular basaltic lava, composed almost 
entirely of crystals of augite^ with a crystalline structure 
and partly scoriaceous ; occurring in numerous large ejected 
blocks on the banks of the Weinf elder Maar^ near Daun^ 

Vorder Eifel, 

129. — ^Part of a volcanic bomb, consisting of a core of 
vesicular augitic lava, surrounded by a coating of more 
compact lava. — Pulver Maar, 

130. — Olivine coated with scoriaceous lava ; a portion of 
an ejected mass. — Dachweiler, 

(See Hibbert On Extinct Volcanos,” foot note, p. 24.) 


Volcanic rocks from the summit of the Volcanic Mountain 
of St, Vincent, 

Presented by Mr. Gilding. 

131. — Scoriaceous lava, with crystals of hornblende 
and felspar, 

1 32. — Slightly vesicular lava, with numerous crystals 
of glassy felspar and hornblende. 

X 2 
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133. — ^Highly crystalline porphyrinic greenstone, com- 
posed of crystals of glassy felspar and hornblende, 

134 & 135. — Highly crystalline porphyritic greenstone 
(another variety), with olivine and included fragments of 
scoriaceous lava ; the augite has undergone partial fusion. 

136. — Fine-grained porphyritic greenstone (another 
variety), with decomposing olivine, 

137 — Jaspideous rock. 


138. — ^Napoleonite, or orbicular greenstone,* from 
Corsica, It is composed of — 

Felspar {Anorthite) - - - - 90* 00 

Hornblende - - - - - 10 ’00 


100*00 


139. — Scoriaceous lava, assuming a stalactitic form in 
cooling, and containing, on om* side, entangled fragments of 
a dark scoriaceous lava. Etna : from a l)oc(*n, or the 
cavernous opening, where a lava stream first eommeiices to 
flow out at the side of a volcano. 

Presented by W. W. Smyth, F.R.S. 


Volcanic products from the Peak of Tenerijfe, 

Presented by Professor C. Piazzi Smyth, F.R.S. 

Teneriffe. — The island of Teneriffe, off the west coast of 
Africa, is the largest of the Canary Islands, being 36 miles 
long, with an area of 1,000 square miles. The Peak is 
situated at its N.E. end, and rises to a height of 12,158 feet 
above the level of the sea. The upper portion is a rugged 
conical eminence, 852 feet high, difficult of ascent on 
account of the loose ashes by which it is covered, and so 
narrow on the top as scarcely to afford standing room. A 
steep wall on the summit would prevent access to the crater. 


^ See also Ko. 275, Case 6, p. 259. 
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but for an opening iii one place ; but in the interior there 
is a gentle slope for about 106 feet. The crater has long — 
ceased to emit flame, but it still gives vent to aqueous 
vapours. — H. W. Bristow. 

140. — Lava, from the outer surface of the stream, of a 
twisted form, showing the result of a viscous flow. 

141. — ^Lava, with a wrinkled surface, the result of flow- 
ing while in a viscous state. — From the Ice Cavern. 

142. — Black lava, overlying the pumice at Alta Vista, 
showing the smooth planes of joints, and a tendency to 
assume spheroidal forms. 

143. — Pumice, from Alta Vista. 

144. — Pitch-stone lava, lying under the pumice at 
Alfa Vista. 

145. — SuLPHUU, from the interior of the crater. 

146. — Sulphate of alumina and iron, from the interior 
of the crater. 

147. — Sulphate of iron and aluAina, containing also 
insoluble matter. — From the interior of the crater. 


Wall-case 2. 

Arranged and described by H. W. Bristow. 

1 to lOOfJlrom the Island of Ascension, were collected by 
Mr. Charles Darivin, F.R.S., and Captain Ord, R.E. 

The Island of Ascension, situated between the coasts of 
Africa and Brazil, is nine miles long by six in breadth. Its 
entire surface, which is broken into mountains, hills, and 
ravines, is covered with ashes, cinders, pumice, and lava. 
Its general appearance is that of a mass of smooth, bright 
red conical hills, with truncated summits, rising from a 
plain of black, sterile lava. The highest point on the island, 
Green Hill, is 2,870 feet above the sea level. 
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1 to He, are varieties of lava, of which 4 to 8 and 10 are 
more or less cellular, while 9, 11, and 13 are more compact. 
14 to 14e, as well as 106, from Chatham Island, Galapagos 
Archipelago, from the superficial parts of a lava stream, are 
especially remarkable for their singular forms. They are 
described as being scattered over the surface of the ground, 
presenting the appearance of logs and branches of trees. 

15 to 26 represent varieties of laminated beds, which 
alternate with and pass into obsidian. 

The greater number of these are composed of pearlstone 
and pitchstoiie, with occasional nodules of obsidian, alter- 
nating with felspathic layers. 

18, 22, and 23 are sphaerulitic, while 16, 19 to 21, 24 and 
25 contain included crystals of glassy felspar, lying length- 
ways, or with their longest axes parallel with the laminae in 
which they are included ; an aiTangement which is due to 
the motion of the mass while in a heated state. 

27 to 31 show the passage from pitchstone into obsidian. 

It may be observed that pitchstone and obsidian are 
merely different forms of the same substance, caused by the 
unequal rate at which the liquified mass of melted rock has 
been cooled. Obsidian (or the more perfect form of volcanic 
glass) is from the superficial portion of the mass which has 
cooled most rapidly, while the more dull, opaque interior 
portion, into which true obsidian passes at a slight depth, 
and which has cooled more slowly, is teimed pitchstone. 

31 to 31c are varieties of volcanic slag, exhibiting 
different degrees of fusion. 

32 to 62 are from the series of trachytic rocks which form 
the more elevated and central, and likewise the south-east 
part of the island. 57 to 58 are augitic lavas, with included 
crystals of glassy felspar. 

63 and 64 are pumiceous. 65 to 67 volcanic ashes and 
sand, or the more finely divided products of eruption. 

68 to 73 are varieties of softer tufa, and 105 are concre- 
tions which occasionally occur in it. 
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85 to 92 are volcanic bombs and frai^meuts of rocks wliicli Uppbb 
. » Oajllsst. 

have been shot forth during tuiriform explosions, and are — 

now found mixed with masses of scoriae. 86 to S3 exhibit 

striking proofs of their liaving been in a fluid state, and (jf 

having liad a rotatory motion communicated to them when 

originally vomited from the crater. This is especially to be 

observed in 86. 

Siliceous sinter is represented by 95 to 99. It occurs in 
the altered trachytes either in tlie form of irregular mass(‘s 
or in seams. The formation of these, as well as of the tliin 
plate-like veins 93, has been produced by the segregation or 
infiltration of siliceous matter. 

In the same manner the jasper, (100 to 102,) which also 
forms large irregular masses in the altered trachyte, was 
probably produced by a process (as suggested by Mr. Dar- 
win) analogous to that by which wood becomes gradually 
silicified ; that is, by tluj gradual removal, particle by par- 
ticle, of the original rock, (in this case a basaltic rock,) 
accompanied by the simultaneous substitution of siliceous 
matter and iron. 

106 to 109 are varieties of scoriaceoiis lava from Chatham 
Island, Galapagos Archipelago ; while 1 10 to 113 are cellular 
basaltic lavas, the latter containing crystals of olivine. 

116 to 117 are from the Cape de Verde Islands. 

Various kinds of lava from New Zealand (White Island) 
are represented by Nos. 121 to 126. 127 and 128 arc 

specimens of siliceous sinter. 129 and 130, gypsum; 131 
and 132, native sulphur ; and 133, the ashes with which the 
country around Auckland is covered. 

134 and 135 are from volcanic springs at Kertch, in the 
Crimea. 


Volcanic rochs from the Island of Ascension. 

Presented by Charles Darwin, F.R.S., and Captain Ord, R.Lil. 
1 & 2. — Volcanic slag, or cindeil 
3. — Red scobiaceous lava, partly vesicular, from the 
outer portion of the stream. 
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4 & 5. — Cellular or vesicular basaltic lava. 

6. — Slag, from an iron furnace at Wolverhampton, for 
comparison with the two preceding specimens. 

7. — Vesicular basaltic lava, showing the elongation of 
the vesicles in the direction of the current. 

8. — ^Basalt, in one part slightly scoriaceous. 

9. — ^Vesicular basaltic lava, some of the vesicles filled 
with crystals of glassy felspar. 

10. — Compact brown basaltic lava (slightly vesicular 
in places) with crystals of glassy felspar. 

11. — Vesicular basaltic lava, with crystals of augite. 

12. — Compact brown basaltic lava, with crystals of 
olivine. 

13. 13a, 13b, 13c, 13d, and 13e. — Six specimens of frag- 
ments from the superficial parts of a basaltic lava current, 
presenting singularly twisted and convoluted forms, and ex- 
hibiting lines formed by the flowing of the stream while in 
a viscous or slightly fluid state. 

(See Darwin “ On Volcanic Islands,” p. 35.) 

Laminated beds alternating with and passing into 
Obsidian. 

14. — ^Pearlstone, with a lamellar structure, and con- 
taining slightly waved tortuous layers in the upper part. 

15. — Pearlstone, containing small irregular masses of 
obsidian in thin, slightly tortuous layers, with included 
fragments of somewhat cellular lava, in which are small 
crystals of glassy felspar. 

16. — PiTCHSTONE, with thill parallel and slightly tortuous 
felspathic layers, containing crystals of glassy felspar. 

17. — Small irregular nodules of obsidian, either stand- 
ing separately or united into thin layers, and cemented 
together by soft, white and pale greenish matter, resembling 
puniiceous ashes. 

(See Dai’win “ On Volcanic Islands,” p. 57.) 

18. — Thin, slightly tortuous layers of pale grey-colomed 
FELSPATHIC STONE, between which are layers of opaque 
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brown spharulites {obsidian globules) in a soft, pearly qY^Sby 
base. — 

19. — In’egular nodules of obsidian {pearlstone) alter- 
nating with thin layers of a felspathic rock, which contain 
crystals of glassy felspar, 

(See Darwin “ On Volcanic Islands,” p. 57.) 

20. — Compact heavy rock, with a crystalline felspathic 
base, mottled with a black mineral, and abounding with 
crystals of glassy felspar, 

(See Darwin “ On Volcanic Islands,” pp. 56 and 57.) 

21. — Compact crystalline rock, banded in straight 
lines, with numerous, extremely thin, white and grey lamina?, 
composed chiefly felspar^ and containing numerous per- 
fect crystals of glassy felspar^ placed lengthways ; they are 
also studded wdth microscopically minute amorphous black 
specks of augite or hornblende, 

(See Darwin On Volcanic Islands,” p. 56.) 

22. — Thin slightly tortuous layers of grey felspathic 
STONE, passing into p’'arlstone^ alternating with minute 
globules of obsidian {dark broion opaque sphcerulites). 

In the specimen a thin layer of the brown sphajrulites, 
closely united, intersects a layer of similar composition, and 
after running for a short space in a slightly curved line, 
again intersects it and likewise a second layer, lying a little 
way beneath that first intersected. 

(See Darwin “ On Volcanic Islands,” pp. 58 and 59.) 

23. — Slightly tortuous layers of light grey pearlstone, 
sometimes passing into pitchstone, with numerous lines of 
minute white sphajrulites, which are dissected out on two of 
the weathered sides of the specimen ; (allied to No. 18.) 

24. — Irregular nodules of obsidian, united into thin 
layers, which alternate with other thin felspathic layers, 
containing crystals of glassy felspar. 

25. — ^Irregular layers of pearlstone, with ciystals of 
glassy felspar^ and passing mio pitchstone^ alternating with 
irregular dull red^coloured trachytic layers. 
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UwpsE 26. — Irregular layers of pitchstone and greenish-grey 

A^ET. layers, 

WaU-caaea. ^ 7 ^ 27a, and 27b. — ^Pitchstone, showing the charac- 
teristic conchoidal fracture and sharp cutting edges. 

28. — Green pitchstone, or obsidian. 

29. 29a to 29g. — ^Black obsidian or volcanic glass, 
with a conchoidal fracture and sharp cutting edges. 

30. — Black obsidian, full of minute globular vesicles, 
which become gradually less perfectly defined until the 
whole passes into compact obsidian. The vesicular struc- 
ture is owing to the expansion of included gases or aqueous 
vapour, which were not entirely driven off during the fusion 
of the melted mass. 

31. — Obsidian, passing into vesicular, scoriaceous lava, 
and presenting an apijearance of perfect fusion. 

31a. — Volcanic slag, scoria, or cinder, presenting an 
appearance of partial fusion, and converted in some places, 
into layers of obsidian. 

31b. — ^Volcanic slag, scoria, or cinder, presenting an 
appearance of imperfect fusion. 

31c. — ^Volcanic slag, scoria, or cinder, presenting an 
appearance of imperfect fusion, and covered, superficially, 
in some places, with an iridescent lustre. The specimen 
contains a few small fragments of scoriaceous lava, which 
have become entangled with and taken up by the partially 
fused slag. 


Trachytic series of rocks occupying the more elevated and 
central, and likeivise the south-eastern, parts of the 
Island of Ascension, 

3Sk — Somewhat friable white trachyte, appearing when 
viewed in mass, like a sedimentary trachytic tufa. The 
specimen is earthy and in a decomposing state, passing into 
china clay. It also contains some cavities, with crystals of 
glassy felspar, 

33. — ^Pale greenish-grey, decomppsbig trachytic for- 
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PHYRY, with crystals of glmsy felspar^ black micro8co]>ical Upper 
specks, and brown stains (decomposed crystals of augitr). ' _ 

(See Darwin “ On Volcanic Islands,” pp. 42 and 43.) 2. 

34 & 35. — Slightly laminated pale grey trachyte. 

36. — Pale grey laminated trachyte. The specimen 
contains a few crystals of glassy felspar y and has a weathered 
surface. — From the base of Garden HilL 

37. — Pale greenish-grey trachyte, containing crysUiLs 
of glassy felspar y and decomposing crystals of augite. The 
specimen is covered with a white efflorescence of chloride of 
sodiuniy probably derived from the sea-water with which it 
has been saturated. 

38. — Pale greenish-grey trachyte, with nninerous crys- 
tals of glassy felspar and augite, and black microscopical 
specks. 

39. — Pale grey trachyte, with crystals of glassy felspar 
and a few decomposed crystals of augite. 

The specimen shows a weathered siirfac'c. 

40. — Pale grey tkachytic rock, honeycombed with irre- 
gular cavities, presenting a carious appearance, and a strong 
resemblance to silicified wood. 

41. — Another specimeriy having some of the cavities filled 
with a white powder. 

42 Greenish trachyte, with embedded fragments of 

obsidian, 

43. — Bluish-grey trachyte, with pale brown markings. 

(See Darwin “ On Volcanic Islands,” p. 55.) 

44. — ^Pale purplish earthy trachyte, with crystals of 
glassy felspar, and presenting a weathered surface, which 
is scoriaceous in places. 

45. — Grey trachyte, with a contorted lamellar,: struc- 
ture, minute black specks, and crystals of glassy felspar, 

46. — Another variety: light grey trachyte, with crys- 
tals of glassy felspar and angular sconaceons fragments, 
and streaked with numerous slightly tortuous white lines, 
which frequently expand into small cavities. These con- 
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QaS^y white crystals of quartz and minute, brown, acicular, 
— * transparent crystals of augite {diopside), 

Wftll-cai»e2. Darwin “ On Volcanic Islands,” p. 55.) 

47. — Lkuit GREY TRACHYTE, with layers of pitchstone, in 
contact wdth and passing into paler earthy trachyte, with 
included fragments of pearlstone. 

48. — Reddish-brown augitio lava, wdth crystals of glassy 
felspar* 

49. — Laminated trachytic lava, with crystals of glassy 
felspar* 

50. — Laminated lava, wdth crystals of glassy felspar^ 
and composed of alternate layers of augitic and felspathic 
lavas. 

51. — Brick -RED trachite, wuth decomposing crystals of 
glassy felspar* 

52. — ^Augitic lava, with crystals of glassy felspar and 
crystals of specular iron on one side of the specimen. 

53. — Greenish trachyte, with crystals of glassy felspar 
and a few brown stains. 

54. — Trachyte, in a decomposing state, witli crystals ot 
glassy felspar, 

55. — Trachyte, partially coated with a tJiin deposit of 
quartz* 

56. — Reddish-brown augitic lava, with numerous crys- 
tals of glassy felspar* 

57. — Ditto {another variety)^ covered on one side with 
crystals of gypsum, 

58. — Slightly cellular greyish Autiinc i.ava, wdth nu- 
merous WTdl-detiued crystals of glassy felspar* 

59. — Trachitic porphyry, composed of crystals of 
glassy felspar, with brown spots in a light brown trachytic 
base, and forming veins of hard compact trachyte, in the 
earthy trachytes. 

60. — Cellular porphyry, with opaque white crystals 
of decomposing glassy felspar, and decomposed crystals of 
oxide of iron. Some of the cells contain minute hair-like 
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crystals of analcime. Found embedded in the earthy Uppbe 

- GAltLBBlui 

trachyte. — 

61. — Breccia, composed of fragments of trachyte and Wall-case 2, 

obsidian in a trachytic base, which also contains a few 
crystals of glassy felspar, 

62. — ^Breccia, composed of fragments of pitchstone and 
pearlstone in a trachytic ])asc. 

63 . — ^Pumice (porous felspathic volcanic scoria,) 

64. — ^PuMiCEOUS conglomerate. 

65. — Volcanic ash (in a bottle). 

66. — Consolidated volcanic ashes, enclosing a Fecten, 

67. — ^Volcanic sand (in a bottle). 

68. — Soft white pumtceous tufa. 

69. 70, 71, & 72. — Varieties of trachytic tufa (in 
bottles). 

73. — ^Bright-red vesicular tufa. 

74. — Fine-grained, partially consolidated tufa or fepe- 
RiNO, with coarser loose scorite. 

75 & 76. — ^Peperino, formed of volcanic sand and ashes 
cemented together. 

77. — Black trachytic tufa or Pepekino, from the 
bottom of the volcano. — St, Vincent, 

78. — ScoRiACEOUS LAVA OT pozzolana, — Sheepwalk, 

79 & 80. — ScoRiACEOUs LAVA 01 ’ pozzolaua, — High Peak, 

81. — Volcanic scoria and ashes. 

82, 83, & 84. — Volcanic scoria, cinders, and slags. 


Volcanic Bombs. 

85. — Volcanic bomb of obsidian. — “ The specimen was 
found, in its present state, on a great sandy plain between 
the rivers Darling and Murray, in Australia, and at the 
distance of several hundred miles from any known volcanic 
region. The external saucer consists of compact obsidian, 
of a bottle-green colour, and is filled with finely cellular 
lava, much less transparent and glassy than the olisidian. 
The external surface is marked with four or five not quite 
perfect ridges. The lip of the saucer is slightly concave, 
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e^^tlj like the margin of a soup-plate, and its inner edge 
Vai^cweS ^ l^^tle the central cellular lava. This structure is 

’ so sjmmetrical round the entire circumference, that one is 
forced to suppose that the bomb burst during its rotatory 
course before becoming quite solidified, and that the lip and 
edges were thus slightly modified and turned inwards.” — 
Darwin On Volcanic Islands,” pp. 38 and 39. 

86 — Fragment of a spherical volcanic bomb, with the 
interior parts coarsely cellular, coated by a concentric layer 
of compact lava, and this again by a crust of finely cellular 
rock, forming the external surface. “ This structure may 
be explained, by supposing a mass of viscid scoriaceous 
matter to be projected with a rapid rotatory motion through 
the air ; for whilst the external crust from cooling became 
solidified, the centrifugal force, by relieving the pressure in 
the interior parts of the bomb, would allow the heated 
vapours to expand their cells ; but these being driven by 
the same force against the already hardened crust would 
become, the nearer they were to this part, smaller and 
smaller or less expanded until they became packed into a 
hard solid concentric shell.” — Darwin “On Volcanic Islands,” 
pp. 36 and 37. 

87. — ^Part of a volcanic bomb of a similar description ^ 
to the preceding specimen, and showing the internal struc- 
ture. 

88. — Portion of a volcanic bomb, composed of coarse 
and finer cellular rock, of an irregularly scoriaceous struc- 
ture ; probably the central portion of the bomb. 

89. — Ejected gkanitic fkagment, consisting of a brick- 
red mass of felspar, quartz, and small dai*k patches of a 
fused mineral, ascertained by its cleavage to be hornblende. 

(See Darwin “ On Volcanic Islands,” p. 40.) 

90. — Ejected granitic fragment (syenite), streaked 
and mottled with red, and composed of white potash^felspar^ 
numerous grains of quartZy and small crystals of hom^ 
blende. 

9 1.~Ejectbd FRAGMENT {white granitic rock)y composed 



YOhCamC BOCKS of ascrnston. 


159 


of confusedly crystallized white with little nests of 

a dark-coloured mineral, often carious, externally rounded, 
and with no distinct cleavage, probably fused hornblende. 
This rock was ejected amongst cinders from one of tlie more 
recent volcanos. 

(See Darwin “ On Volcanic Islands,” p. 41.) 

92. — Ejected fragment, greenstone^ composed of crystals 
of Labrador Felspar^ a little altered hornblende^ and scales 
of black mica^ with white granular felspar^ filling the 
interstices. 

(See Darwin “ On Volcanic Islands,” p. 41.J 

93. — Ejected fragment, portions of hard siliceous 
PLATE-LIKE VEINS, of varying thickness, intersecting the 
earthy tracliy tic masses on the flanks of the (*rater of the 
old volcano.” 

(See Darwin ‘‘ On Volcanic Islands,” pp. 44 and 45.) 

94. — Seams of compact oxide of iron, occurring con- 
formably in the lower parts of a stratified mass of ashes and 
fragments. 

“ This seam of compact stone, by intercepting the little 
rainwater which falls on the island, gives rise to a small 
dripping spring, first discovered by Dampier. It is the only 
fresh water on the island, so that the possibility of its being 
inhabited has entirely depended on the occurrence of this 
ferruginous layer.” — Darwin “ On Volcanic Islands,” p. 39. 

95. — White siliceous sinter, occurring in altered 
trachyte. 

(See Darwin “ On Volcanic Islands,” p. 45.) 

96. — Seams of siliceous sinter, occurring in altered 
trachyte. y 

97. — White siliceous sinter. 

98. — Cream-coloured siliceous sinter. 

99. — Siliceous sinter, formed of thin irregular plates of 
chaleedonic quartz^ occurring in altered trachyte. 

100. — Ochreous-brown coloured /cwper, occurring in large 
irregular masses, and sometimes in veins, both in altered 
trachyte, and in an associated mass of scoriaceous basalt. 

(See Darwin “ On Volcanic Islands,” p. 46.) 
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* — Another variety^ inclosing irregular angular patches 
2 jasper^ with their edges blending into the sun’ounding 
* mass. 

102. — ScORiACEOUS BOCK, Occurring near veins of sili- 
ceous sinter (Nos. 96, 97, and 98), having the cells lined 
and filled witli fine concentric layers of lohite chalcedony^ 
which are coated and studded with bright-red oxide of iron, 

103. — Siliceous conglomerate, with small prismatic 
crystals of tourmaline and crystals of quartz^ and coated 
with a thin layer of siliceous sinter, 

104. — Rock resembling syenitic gneiss, probably from 
one of the laminated beds alternating with and passing 
into obsidian, noticed in Darwin On Volcanic Islands,” 
pp. 56 and 57. 

105. — Concretions from pumiceous tufa^ composed of a 
very tough, compact, pale brown stone, with a smooth and 
even fracture, and containing a small proportion of carbonate 
of lime. Some of the larger coiicret’ons are described as 
mere shells filled with slightly consolidated aslies. (See 
Darwin On Volcanic Islands,” ]). 47.) 

Volcanic Specimens from the Galapagos Archipelago^ 
Chatham Island, 

(Collected and i)resentcd by Clitirles Darwin, F.R.S.) 

Tlie Galapagos Archipelago consists of ten islands, situ- 
ated und(n* the equator, 500 or 600 miles westward of the 
coast of America. They are all formed of volcanic rocks, 
and are chiefiy remarkable for the immense number of 
craters with which they are covered. These are formed 
either of lava and scoriae, or of tufa ; in the latter case they 
present beautifully symmetrical forms, which appears to be 
owing to their having been formed while standing out at 
sea, by the eruptions of volcanic mud, without any lava. 

Chatham Island is the largest of three islands, intersected 
by the parallel of 43® 45" S., and by the meridian of 
176® 40' W. It contains 477 square miles. The rocks are 
chiefly volcanic, and the island itself presents a rugged, 
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arid appearance ; the dark basaltic lava, of which the surface 
is composed, being covered by a dwarfed and parched brush- 
wood. II. W. Bristow. 

106. — ^Basaltic lava from the surface of the stream, 
slightly scoriaceous, and twisted and convoluted by flowing 
while in a viscous state. From the road near Dead MarCs 
Cove. 

107. — ^Vesicular and scoriaceous lava, Dead Manh 
Cove. 

108. — Scoriaceous lava, Evans^ Well. 

109. — ^Volcanic slao or cinder, mixed with fine-grained, 
friable, brown-coloured tvfa or peperino: from the mouth 
of the crater. 

110 — Cellular basalt, containing olivine and calc 
spar. — North Hill. 

111. — ^Basaltic lava, with numerous small vesicles. — 
Road from First Well, Charles^ Island. 

112. — Cellular basalt, with olivine^ and minute crys- 
tals of calc spar. — Salt Lake, Chatham Island. 

113. — Cellular basalt, some of the cells containing 
olivine^ and others crystals of calc spar. — From the bottom 
of the well near Quehrada. 

1 14. — Track ytic lava, Evans^ Well, 

115. — Compact greenstone, Bock. 


116. — ^PoRPUYRiTic GREENSTONE, composcd of Crystals of 
hornblende and flesh-coloured felspar ^ and weathered crys- 
tals of glassy felspar in a felspathic base. From near the 

Pico dEstacia f Boa Vista^ Capede Verde Islands. 

117. — Green pitchstone, Jfayo Capede Verde 

group, 

117a. — Cellular basaltic lava. Some of the cells are 
elongated, and partly filled with earthy carbonate of lime . — 
St. JagOy Cape de Verde Islands. 

See “ Darwin on Volcanic Islands,” p. 10. 
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* 1260*5 feet above the level of the sea. 
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118. — Semi opal between two layers of ch(U(}edony^ 
the lowest of which has been formed upon crystals of cah 
spar, which have disappeared, leaving their casts,— JKcaron 
Island, Coiba. 

119 . — Obsidian, with sphcerulitic concretions, shewing an 
olive-green colour, on the thin cutting edges, by transmitted 
light — Mexico, 

120. — ^Basalt with greenstone, Kattewar, East Indies, 

Volcanic Products from White Island, New Zealand, 
Presented by the Lords of the Admiralty. 

White Island, or Puhia-i-Wakari, is situated in the Bay 
of Plenty, in the south-east district of New Zealand. It is 
six miles in circumference. It contains an active volcano, 
and yields considerable quantities of sulphur. The flames 
issuing from its crater are visible at dusk, while its position 
is marked during the day-time by a white cloud, which rests 
upon its summit. — H. W. B. 

121. — Volcanic bomb, composed of basaltic lava, with 
numerous crystals of glassy felspar, 

122. — Scoriaceous basaltic lava, with crystals of augite 
and glassy felspar, from the summit of Kokibako, an extinct 
volcano. — Upper Waipa, 

123. — Vesicular basaltic lava, some of the vesicles 
partly filled witli calc spar, — From the central part of 
White Island. 

124. — Part of a pentagonal column of basaltic lava, 
five feet in height, — From the interior of the crater, being 
lava of September 1831. 

125. — Basaltic lava, forming the sides of extinct vol- 
canos in the vicinity of Auckland, on the neck of land 
which separates the Frith of Thames from Manukau ; it 
assumes a columnar form in some places. 

Most probably this specimen is not, in reality, basaltic 
lava, but a portion of a mud which has been .poured 

out of the volcano, and subsequently covered by a lava 
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Stream, by which it has been baked, while the columnar 
form has been caused by its subsequently cooling slowly 
under pressure. 

126. — Obsidian, with a conchoidal fracture and sharp- 
cutting edges, and presenting a lamellar structure from the 
presence of lines of a white powder. There are also a few 
disseminated crystals glassy felspar^ some of which have 
apparently undergone partial fusion. 

127. — Silicj:ous sinter, Motu-hora, 

128. — Siliceous sinter, sometimes assuming the form 
of chalcedony. 

129. — Gypsum, in radiating crystals. 

130. — Gypsum, in thin prismatic crystals. 

131. — Crystals of native sulphur, sublimed on more 
earthy impure sulphur. 

132. — Brecciated conglomerate, partly covered with 
native sulphur^ from the l ock of which the island is chiefly 
formed. 

133 . — ^Volcanic ashes, forming much of the surface of 
the eountiy in the neighbourliood of Auckland. 


Uppsh 

WalT^eS. 


134. — Mud from a volcanic spring at Kertch in the 
Crimea, and used, when mixed with sand, for making pave- 
ments. — ^Presented by Dr. Mac Pherson. 

135. — Naphtha, from bituminous springs at Kertch, and 
used for various purposes instead of pitch. — Presented by 
Dr. Mac Pherson. 


Wall-cases 2 & 3. 

Models op Rocks by M. Bardin. 

From the Paris Exposition of 1855. 

No. 1 is a model of part of the limestone rocks near 
Sabl6 (Sarthe). The beds are inclined at an angle of about 
52®, and are somewhat jointed. 

L 2 
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galSet 2 is a model of part of the (Permian?) sandstones 

Ai^ET. Vosges (Gres des Vosges). They form tabular hills, 

■Wall-eaw 8. strata lying nearly horizontally. They are much jointed, 
and it will be observed that there are caverns in the main 
cliff, and in front of it there are many outstanding frag- 
ments and pinnacles, like the Needles of the Isle of Wight 
or of Studland Bay, giving evidence that, like these chalk 
cliffs, this sandstone, when it stood at a different level, was 
formed into cliffs by the same kind of marine denudation 
that now forms tlie cliffs of the chalk. 

Nos. 3 & 4 are models of inclined limestone rocks in the 
neighbonrliood of Sable (vSarthe), 

Nos. 5 & 6 are models of parts of a country formed of 
gneiss. In No. 5 the numerous vertical and highly-inclined 
joints are remarkable, especially the curved form they 
assume on the side next the printed title. (Gneiss rocks at 
the entrance of the Bay of Morlaix.) The great irregularity 
of the coast line is evidently partly due to the multitude of 
joints, parts of the rocks having offered less resistance than 
others to the denuding force of the waves. 

On the outsi(I{‘ of Case 3 is a model of the volcanic 
isle of Bourbon, No. 7. See Appendix, page 301. — A, C. 
Ramsay. 


Table Case A in Recess 4, 

Topographical and Geological Model of Vesuvius, and Spe^ 
ciniens illustrative of Vesuvius und its Neighbourhood, 

In the model, constructed by M. Dufreiioy in 1838, the 
horizontal and vertical scales correspond. The order of 
age, or superposition, of the different rocky masses, seems 
to be as follows, beginning with the oldest. 

1st. — Trachyte spreading from Portici to Pompeii on the 
coast and up to the base of Somma, 
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2nd. — ^Leucitic lavas of Somma. Many of the specimens 
from No. 66 onward are derived from these, and where the 
locality is certain tliey are marked Somma.” 

3rd. — Pumiceous tufa or ashes, &c., spreading from Naples 
to Portici, and round the further side of the mountain to 
Pompeii. These are chiefly marine and contain sea shells. 
These rocks are intimately connected with No. 2. 

4th. — Tufa of Pompeii. 

5th. — Modern lavas, &c., Nos. 1 to 65, erupted since 
A.1). 79.— A. C. Ramsay. 

From the first colonization of Southern Italy by the 
Greeks, Vesuvius afforded no other indications of its vol- 
canic character than such as the naturalist might infer, 
from the analogy of its structure to other volcanos. The 
ancient cone (of which Somma forms a part) was of a very 
regular form, with a flatfish summit, where the remains of 
an ancient crater, nearly filled up, had left a slight de- 
pression, covered in its interior by wild vines, and with a 
sterile plain at the bottom. On the exterior, the flanks of 
the mountains were clothed with fertile fields richly culti- 
vated, and at its base were the populous cities of Hercu- 
laneum and Pompeii. But the scene of repose was at hmgth 
doomed to cease, and the volcanic fire wns recalled to the 
main channel, which, at some former unknown period, had 
given passage to repeated streams of melted lava, sand, and 
scorise. 

‘‘The first symptom of the revival of the energies of 
this volcano was the occurrence of an earthquake in the 
year 63 after Christ, which did considerable injury to the 
cities in its vicinity. Fj'om that time to the year 79, slight 
shocks were frequent ; and in the month of August of that 
year they became more numerous and violent till they ended 
at length in an eruption. The elder Pliny, who commanded, 
the Roman fleet, was then stationed at Misenum ; and in his 
anxiety to obtain a near view of the phenomena he lost his 
life, being suffocated by sulphureous vapours. His nephew, 
the younger Pliny, remained at Misenum, and has given us, 
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Letters,” a lively description of the awful scene. A 
Tflbk*^o column of vapour was first seen rising vertically from 

A. Vesuvius, and then spreading itself out laterally, so that 
iii EeeM84. Jts upper portion resembled the head and its lower the trunk 
of the pine, which characterizes the Italian landscape. 
This black cloud was pierced occasionally by flashes of fire 
as vivid as lightning, succeeded by darkness more profound 
than night. Ashes fell even upon the ships at Misenum, 
and caused a shoal in one part of the sea — the ground 
rocked, and the sea receded from the shores, so that many 
marine animals were seen on the dry sand. The appearances 
above described agree perfectly with those witnessed in 
more recent eruptions, especially those of Monte Nuovo in 
1538, and of Vesuvius in 1822.”~Lyeirs “Principles of 
Geology,” 1847, p. 351. 

“ It does not appear that in the year 79 any lava flowed 
from Vesuvius ; the ejected substances, j)erhaps, consisted 
entirely of lapilli, sand, and fragments of older lava,” and 
it was in these that the cities of Herculaneum and Pompeii 
were buried. 

The first recorded stream of lava, after the year 79, 
flowed in 1036, and after that period eruptions 'took place 
in 1049, and 1138 or 1139 ; “after which a great pause 
ensued for 168 years,” when an eruption took place in 1306, 
another in 1500, another at Monte Nuovo in 1538, when a 
new hill was formed 440 feet in height.” For nearly a 
century after the birth of Monte Nuovo, Vesuvius continued 
in a state of tranquillity. There had been no violent erup- 
tion for 492 years. Braciiii, who visited Vesuvius not long 
before the eruption of 1631, gives the following interesting 
description of the interior ; — 

“ The crater was five miles in circumference and about 
a thousand paces deep : its sides were covered with brush- 
wood, and at the bottom there was a plain on which cattle 
grazed. In the woody part wild boars frequently harboured. 
In one part of the plain, covered with ashes, were three 
small pools, one filled with hot and bitter water, another 
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salter than the sea, and a third hot but tasteless. But at 
length these forests and grassy plains were consumed, being 
suddenly blown into the air, and their aslies scattered to the 
winds. In December 1631, seven streams of lava poured 
at once from the crater and overflowed several villages on 
the flanks and at the foot of the mountain. Kesina, partly 
built over the ancient site of Herculaneum, was consumed 
by the fiery torrent. Great floods of mud were as destruc- 
tive as the lava itself — -no uncommon occurrence during 
these catastrophes ; for such is the violence of rains pro- 
duced by the evolutions of aqueous vapour that torrents of 
water descend the cone, and becoming charged with im- 
palpable volcanic dust, and rolling along loose ashes, acquire 
sufficient consistency to deserve their ordinary appellation 
of ‘ aqueous lavas.’ A brief period of repose ensued, which 
lasted only until the year 1666, from which time to the pre- 
sent there has been a constant series of eruptions, with rarely 
an interval of rest exceeding ten years.” — ^Lyell’s “ Prin- 
ciples of Geology,” 1847, pp. 358, 359. 

The analyses given of the simple minerals represent their 
average per-centage composition ; the formulai give the 
usual mineralogical notation. 


List of Specimens of Vesuvian Kocks and Minerals 

ARRANGED AND DESCRIBED BY H. BaUERMAN. 

1. — Ashes, eruption of 1760 ; Bocco Tre Case, 

2. — Volcanic sand, (rounded fragments and crystals of 
augite and idocrase) from the eruption of 1794. 

3. — Similar to the last ; locality, &c., not stated. 

4. — Volcanic conglomerate, fragments of decomposing 
and incrusted lava cemented. — Eruption of 1794 ; found on 
the Piano del Cinestro. 

5. — Yellow tufa, with felspar crystals, — Eruption of 
1794 ; locality not stated. 

6. — Lapilli, small fragments of scorioceous lava from 
the eruption of 1813 ; found Resina, 
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red, ferruginous, ashes from the eruption of 
^AT^T. jggg ^ found at Resina. 

8. — Laminated felspathic ashes ; from Monte Nmvo. 
imEe^A 9,~ White pumiceous lava, with a few transparent white 
felspar crystals; from Real Capo di Guoglio. Date of 
eruption not stated. 

10. — Grey pumice. Date not stated. Fossa Grande. 

11. — ^Vesicular lava (externally weathered brick-red). 
Date of eruption not stated ; found at Fossa Grande. 

12. — Scoriaceous lava, with crystals of augite and fel- 
spar^ externally coated with a brick-red, earthy, crust. 
Date of eruption and locality not stated. 

13. — ^Vesicular felspathio lava, with a few augite 
crystals ; from La Scala. Date of eruption not stated. . 

14. — Compact grey lava, with crystals olivine and 
sodalite ; externally coated with atacamite (oxychloride of 
co/ipcr.)— Eruption of 79 ; found at La Scala. 

15. — Grey lava, covered with crystals of sodalite. Ex- 
ternally, coloured red. — Eruption of 79 ; found at La 
Scala. 

16. — ^Lava, with sodalite^ flowed when Pompeii was de- 
stroyed. — Eruption of 79 ; found at La Scala. 

17. — Lava, with crystals of augite. — Eruption of 7Sl; 
found at La Scala. 

18. — Black scoriaceous lava, with ciystals of augite. 
— Eruption of 79 ; found at La Scala. 

19. — Augitic lava, covered with crystals of sodalite, — 
Eruption of 1427 ; locality not stated. 

20. — Lava, with crystals of augite and iron glance (spe^ 
cular iron on^e'). — Eruption of 1429 ; found at Fortino di 
Calastro. 

21. — Basaltic lava, with crystals of leucite and augite. 
— Eruption of 1440 ; found at Bosco Reale. 

22. — ^Lava, with small crystals of augite and leucite, — 
Eruption of 1533 ; found at Santa Maria di Pagliano, 

23. — ^Lava, with augite crystals.— Eruption of 1551 ; 
found at GranateUo di Portici. 
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24. — Lava, with crystals of leucite and black avgite.-- tjppbb 

Eruption of 1554; found at Bocco Tre Case, Gal^y* 

25. — Lava, with crystals of augite^ externally crusted 

with calc spar, — Eruption of 1631 ; found Fortino di inBeoess^* 
Calorto, 

26. — Vesicular lava, crusted with calc Eruption 

of 1655 ; Portico del Granatello Portici, 

27. — Lava, witli crystals of augite and oZiViwe.— Eruption 
of 1659 ; locality not stated. 

28. — ^Lava, with small crystals of meionite, — Eruption of 
1760 ; found at Santa Masiello, 

29. — Lava, with crystals of augite, — Eruption of 1767 ; 
found at Fossa Grande. 

30. — Lava, with crystals of felspar and augite, — ^Eruption 
of 1767. 

31. — ^Lava, with crystals of augite^ some coated with a 

brick-red crust, from the crater of Vesuvius Eruption of 

1779 ; found at Atrio del Cavallo, 

32. — Similar rock to the last. — Eruption of 1786 ; found 
at Fossa del Vetraro* 

33. — ^Black scoriaceous lava. — Eruption of 1786; 
crater of Pagliatone^ Atrio del Cavallo, 

- 34. — ^Lava, vi’ith crystals of augite and olivine . — ^Eruption 
of 1794 ; found at Torre del Greco. 

35. — Vesicular lava, externally coated with crystals of 
iron glance. — Eruption of 1803 ; found at Camandoli delli 
Torre del Greco. 

36. — Basaj.tic lava, with crystals of augite Eruption 

of 1803 ; found at Camandoli. 

37. — Scoriaceous lava, with -Eruption of 

1804 ; found at Camandoli. 

38. — Lava, with small crystals of mica. — Eruption of 
1804 ; found at Camandoli, 

39 — Scoriaceous lava, with crystals of felspar.^ 

Eruption of 1806 ; found at Camandoli, 

40. — ^Lava, with crystals of augite . — Einiption of 1809 ; 
found at Camandoli. 
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gSSkt 41.— Lava, with crystals of leucite^ augite^ and mica.^ 

— ‘ Eruption of 1810 ; found at Piano del Cinestro. 

Table*^ 42 . — ^Lava, with crystals of mica and augite, — Eruption 

hiBeeisA of 1810 ; found at Piano del Cinestro. 

43 Dark scoriaoeous lava, weathered, brownish-red 

with a few augite crystals. — Eruption of 1811 ; found at 
Giesovito. 

44. — Black vesicular lava, with a few crystals of 
felspar and augite, — ^Eruption of 1812 ; foUnd at Vicilo 
del Vesuvio, 

45. — Felspathic lava, with augite crystals. — Eruption 
of 1814 ; locality not stated. 

46. — Red laminated Felspathic lava, with interspersed 
felspar crystals : apparently part of an ejected fragment. — 
Eruption of 1815. 

47. — Lava, with crystals of augite. — Eruption of 1815 ; 
found at Croce di Croris, 

48. — Granular white felspathic; lava, with inter- 
spersed black scoriaceous fragments. — Eruption of 1817 ; 
found at Grotto del Mauro, 

49. — Scoriaceous lava, coated with a crust of sylvine 
{chloride of potassium .) — Eruption of 1817; found at 
Grotto del Mauro, 

50. — ^Basaltic Lava, with crystals of augite, — ^Eruption 
of 1818 ; foot of Vesuvius, towards Monte Somma, 

51. — ScORUCEOUS lava, with crystals of augite and 
olivine, — Eruption of 1818 ; locality not stated. 

52. — Vesicular black lava. — Eruption of 1819; 
locality not stated. 

53. — Basaltic lava, with small crystals of a^igite,- 
Eruption of 1819 ; Piano del Cinestro, 

54. — Lava, with large black augite and decomposing 
leucite crystals in a reddish base. — Eruption of 1820. 

. 55.— Vesicular lava, with decomposing crystals of 
leucite, coated with a yellow crust. — Eruption of 1820. 

56, — Gret lava, with crystals of sodalite, — Eruption 
of 1821 ; found at Mauro, 



AND MINERALS. 


171 


57. — Volcanic bomb, apparently a rounded fragment of 
No. 54 : from the crater of October 12th, 1822. 

58. — Similar specimen to No. 55. — Eruption of 1822. Tabk case 

59. — Lava, with small crystals of augite and leucite. — in Recess 4* 
Eruption of Februar}'^ 1822. 

60. — Lava, with crystals of leucite and fibrous crystals 
o^ hornblende, — Eruption of 1822 ; found at Mauro, 

61. — Vesicular lava, with crystals of augite^ leucite^ 
and olivine, — Eruption of 1828 ; from the Cone of Vesuvius^ 

62. — Black scoriaoeous lava, containing a coin im- 
bedded while ill a fluid state. — Eruption of 1842. 

63. — Black scoriaceous lava, similar to the last. 

64. — ScoRiACEOUs BLACK LAVA, externally weathered 
yellow. — Eruption of 1855. 

65. — Stalactitic lava, showing lines of viscous flowing, 
cooled close to the mouth of a crater. 

65a. — ^Lava, — Eruption of 1858 ; Alrio del Cavallo* 

Presented by Dr. Strange. 


Simple Minerals. 

Spinel {aluminate of magnesia,) 

Mg rM = Magnesia 28; Alumina 72. 

66. — Black spinel, mica and idocrase, with meionite in 
limestone. — Monte Somma, 

67. — Black Spinel, with gree^i augite and mica^ partly 
clouded and decomposed. — Vesuvius. 

68. — Black spinel, with green augite and mica . — Coes^ 
tan% Vesuvius, 

59. — ^Black spinel, with augitCy epidotCy and mica, 

70. — Spinel, mica and green augite. 

71. — Spinel and meionite, in green granular augite. 

Specular iron ore {^peroxide of iron). 

72. — Lava, with crystals of augite and leucite. Ex- 
ternally coated with crystallized iron glance {peroxide of 
iron). 
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ru SSS r 73.— Similar specimen to the last 
— ‘ 74. — Cbystalline calc spab enclosing masses of iron 

partly altered to brown iron ore {hydrated peroxide) ^ 
Mi2eceM4. Fossa Grande. 


HaDyne {silicate of soda and alumina with sulphate of 


75. — Hauyne with felspar^ mica^ augite^ and spinel. 

76. — Hauyne in felspatho-augitic lava^ similar to the last. 

77. — HaIIyne with mica in felspathic lava, from Mauro. 

78. — Meionite and HaI^yne in limestone. — Monte 
Somma. 

Leucite ; cubical felspar {silicate of potash and alumina). 
Silica, 55 ; Potash, 22 ; Alumina, 23. 

79. — ^Leucite, a large trapezohedral crystal in lava, from 
Monte Somma. 

80. — ^Lava with leucite crystals, from Capo di Sobo- 
toniello. 

81. — ^Vesicular red lava with crystals of leucite. 
The material of which part of Pompeii is built. 

82. — Basaltic lava with crystals of augite and leucite. 
-^Monte Somma. 

83. — Vesicular lava, with crystals of leucite and bron- 
zite^augite. 

Nepheline ; hexagonal felspar {silicate of potash^ soda, 
and alumina). 

E 2 si + 2 Al si* in which R = (No, K). 

(Na, k) 2si + 2M Si. 

Silica, 44 ; Soda, 1 7 ; Potash, 5 ; Alumina, 34. 

84. — Nepheline and augite, eroded and rounded crys^ 
tals in limestone. 

85. — ^Nepheline, with mica and at^ite^ 

86. — ^Nepheline, with granular augite. 
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87. — ^Nepheline, transparent crystals in augitic lava, Vrm 

with augiie and idocrase, — 

88. — ^Nepheline, large crystals, with transparent crystals 

of green augite in limestone. in Recess 4. 


Felspar (silicate of potash and alumina). 

KSi + Ai'Sia. 

Silica, 65 ; Potash, 17 ; Alumina, 18. 

89. — Ice Spar (glassy felspar), with green augite and 
mica. 

90. — Lava, with crystals of glassy felspar. — Fossa 
Grande. 

91. — Lava, with crystals of augite and leucite, and small 
sphaerulitic masses of obsidian (impure felspar or volcanic 
glass). 

92. — ^Lava, with crystals oi felspar, mica, augite, and 
olivine. 

93. — Augitic lava, with /c/spar, mica, and epidote. 

94. — Lava, with felspar, black mica, and augite. 

95. — ^Augitic lava, with black mica awd felspar. 

96. — Augitic lava, with crystals of black mica and 
meionite. — S. Anastasia di Somma. 

97. — Augite, idocrase and mica. 

98. — Augitic lava, with black mica and felspar. 

99. — Green augite, with mica crystals. — Monte Somma. 


Meionite ; VesuvianScapolite (silicate of lime and alumina). 

Ca asi + 2 Al si. 

Silica, 42 ; Alumina, 32 ; Lime 26. 

100 to 111. — Various specimens of meionite in lime- 
stone, from Monte Somma. The clouded and rounded 
masses form the variety ‘‘Nutallite” of Brooke, which 
is distinguished by its inferior hardness. 
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Table-case 

A. 

in Recess 4. 


Idocrase ; Vesuvian {silicate of alumina and lime), 
si + ft Si where R = (Fe, Ca, Mg, Mn) & 


Silica, 39 ; Alumina, 23 ; Lime, 29 to 36 ; Protoxide of 
Iron, 0*30. 

112. — ^Brown idocrase, with augite and mica, 

113. — Idocrase, with felspar^ augite^ and mica, 

1 14. — Reddish- YELLOW idocrase, felspar, 

115. — Yellow idocrase, with felspar^ mica^ and augite, 

116. — Idocrase, with augite and nepheline in limestone. 

117. — Idocrase in rounded crystals, with mica and mei- 

onite. % 

118. — Meionite and idocrase on limestone. — Monte 
Somma, 

Olivine {silicate of magnesia^ and protoxide of iron^ with 
variable quantities of lime and protoxide of manganese). 

R3 si. 

119. — Olivine, filling the hollows of a vesicular lava. 

120. — Green olivine, with granular green augite, 

121. — Vesicular lava, with acicular hornblende crys* 
tals. 

Mica ; Biotite (silicate of magnesia^ potash^ peroxide of 
iron and alumina.) 

R3 si + ft si 

122. — Crystals of greenish-black mica much eroded. 

123. — Small mica crystals^ with augite in limestone. 

124. — Mica crystals, with chondrodite (silicate of mag- 
nesia) in limestone. 

125. — Lava, with augite crystals and a little chondro- 
dite. — Capo di Guoglio, 

126. — Similar specimen from the same locality. 
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Zeolitic Minerals. 

{Hydrous silicates not containing magnesia). 

127. — Vesicular lava, with crystals of PhilUpsHe {hy- 
drous silicate of limCy potash^ and alumina), 

128. — Amygdaloidal lava, the vesicles mostly ompty^ 
some containing a little Phillipsite. 

129. — Phillipsite, cruciform j macled crystals in amyg- 
daloid. 

130. — Vesicular lava, with crystals of analcime {hy- 
drous silicate of soda and alumina). — S. Anastasia di Somma. 

131. — ^Lava, with crystals of laumonite {hydrous silicate 
of lime and alumina) and mica. 

132. — Vesicular lava, with crystals of aragonite {pris- 
matic carbonate of lime). 

133. — Calcareous breccia, with fragmentli of, green 

altered limestone. — Monte di Ottajano. ‘ ' 

134. — Volcanic ashes, with included fragments of lime- 
stone. — Monte Somma. 

135. — Soft granular white limestone. — Fossa Grande. 

136. — White limestone, similar to the last, but harder. 

137. — White limestone, like 136. 

138. — Chryroprase {J>ight green amorphous quartz). 

139 Fibrous gypsum, coating lava. 

140. — Similar specimens to 138. 

141. — Trachytic lava, with crystals of felspar {rya- 
colite)^ from the Solfatara^ near Naples. 

142. — Soft Siliceous sinter, from the Solfatara. 

143 and 144 . — ^Pitchstone porphyry, obsidian, with em- 
bedded crystals of glassy felspar, from the Island of Ischia. 

145. — Granite {quartz, white and red felspar, and black 
mica), from Montagna di Castellamare, near Naples. 

146 . — Nitre or Nitrate op Potash (Sal-ammoniac), 
on Scoriacious Lava. (Nitric acid 53*54, Potash 46*46.) 
From the eruption of February 1850. 

147. — Dimorphine. — (Sulphur 24*55, Arsenic 75*45.) 
From a fumarole of the Solfatara, Phlegrcean fields, near 
Naples. 


Upper 

Gaixbrt. 


Table4»se 

A. 

in Recess 4. 
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Wall-case 4. 

Igneous Rocks op Wales and Shropshire. 
Arranged by A. C. Ramsay. 


Introductory remarks. 

The specimens in this case illustrate the igneous rocks of 
the Cambrian and Lower Silurian region of Wales and 
Shropshire. — The sections at the top of CaS8S 3, 4, and 
5 show the manner in which these rocks are associated with 
the strata. Each section has a title showing the country 
it traverses. The rest of the writing indicates the names, 
places, and, in some degree, the nature of the different 
kinds of rocks that form a great part of Wales, &c, A 
careful inspection of these sections, with a little knowledge 
and, thought, will show the order of superposition of the 
different stratified masses that compose the country. 

The Cambrian rocks lie at the base^ of all^ and are 
coloured (Sections i, on the left, and 5 on 

the right.) ^ 

The Lower Silurian rocks succeed these, and consist at 
the base of Lingula beds, above which lie the Llandeilo 
flags, and these arc succeeded by the Caradoc or Bala beds. 
All of them are coloured light purple except the Bala lime^ 
stone marked by a thin streak oiblue. These Lower Silurian 
beds form the great mass of the country traversed by the 
sections, and m them, are all the volcanic rocks interbedded 
or contempoi’aneous with the Lower Silurian rocks of 
Wales. 

The Upper Silurian rocks arc coloured dark purple^ and 
lie quite uncomformahly on the older strata. (Sections 
a, 3| 3, and 6.) The former in Shropshire and Wales are 
always destitute of igneous rocks^ and were deposited long 
after the cessation of the volcanic eruptions that marked 
the Lower Silurian epoch. 

The IGNEOUS ROCKS are of two kinds, eruptive and con- 
temporaneous. By eruptive is meant those bosses^ dykeSy 
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not surface lavas^ that have been forced in a melted IJppwr 
condition from below among the other rocks, or may even — 
consist of parts of strata amid which they lie, tnat have 
themselves been melted. The word contemporaneous, applied 
to igneous rocks, menus, that, according to their nature, 
they were poured out as lavas, or showered abroad as ashes, 
ill general teims, contemporaneously with the formation of 
the strata amid which they immediately lie. Volcanic ashes 
or tufFas are truly stratified deposits, and lava-flows may 
also in a measure bo spoken of as strata, in th(^ sense that 
they are inter-bedded. 

The eruptive rocks of tlie sections are of two chief 
kinds 

1st. Felspathio and quartz porphyries and syenite. 

2nd. Greenstones. 

The first are coloured deep scarhd. (Sections 1, ft, and 8). 

Their nature will be seen by referring to the specimens in 
CHiSO 4, Kumhers corresponding to those on the specimens 
are written on the sections above the masses of rock ^roni 
which the specimens were derived. 

117. — Sy€7iite. See Section 8. 

124, 184, and 185. — Quartz porphyry. See Sections 

1 and 8. 

These and others of like nature occur in large masses, 
the strata adjoining tlieni being altered all round. (Sec- 
tion 4k, and specimens 186 to 191.) In the sections (jTo. 1 
and 4fc) four of these masses lie among the C.ambrian, and 
three among the Lower Silurian rocks. Many others occur 
in Wales not crossed hj any of the sections. Their structure, 
mode of occurrence, and the effects they produce, show that 
those parts of them we now see, being melted ; cooled, and 
consolidated deep beiieath the surface, that is to say, that the 
surfaces now exposed were originally covered up by great 
and thick masses of overlying rocks, which have since been 
removed by dejiudation, or in other words by the gradual 
stripping away of such overlying masses by atmospheric 
and various watery agencies. 

M 
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QaSm greenstones are coloured deep erimson, and appear in 

— T. all the sections, breaking indiscriminately through the Lower 
WallHsateA gtrata, and sometimes through the associated inter- 

bedded igneous rocks. Theg are all composed of felspar 
and hornblende^ sometimes somewhat amorphous or indis- 
tinctly crystalliased (specimens 152, 164, &c.), at other times 
well crystallized, as in 1 18, 1 19, 182, &c. These^ and others 
of similar kinds, occur sometimes in great masses, as in the 
Breidden Hills (section a), Comdon Hill (section s), and 
Craig-das-Eithen (section 7 ). In general, however, in 
Wales and Shropshire, they run in long line^, mang of 
which have been intruded more or less between the beds of 
stratified rocks. — (See Moel Siabod, section i ; section z ; 
Cgnicht and Moelwgn, section % and Cader Idris, section 
a). In some instances they run for miles directly in the 
strike of the strata, and then break slightly, or in other 
cases quite suddenly, across it. It is more than doubtful 
if they are ever truly contemporaneous, one proof of 
which is, that the slates or other beds which they pierce, 
are found to be alike altered at their points of contact both 
with the under and upper surface of the greenstone. Had 
the greenstones been poured out on ordinary sediments they 
might have altered the sedimentary surfaces over which 
they flowed, but being cooled, the muddy sediments, which 
fell on the upper surfaces of the lavas, would remain 
unaltered. This is the case with all the truly bedded 
I’elspathic traps, afterwai’ds to be mentioned. Another 
proof of the intrusive chai’acter of the gi’eenstones is that 
they frequently branch. They ai’e often columnar, the 
columns lying at right angles to the dip of the rock. 
In the district under review they never penetrate the 
Upper Silurian strata? and as they generally partake of 
the curves or contortions that affect all the rocks of Wales, 
it is inferred that they were injected amid the beds before 
the disturbances took place that produced the sweeping 
undulations of the strata. (See sections named above.) . 

The contemporaneous igneous rocks of the district are 
also of two kinds. 
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1st. FeLSPATHIO PORPHTBIES OB 3ULVA BEDS, Ura» 

2nd. Felspathic and caloabeous volcanic ashes. 

The first are coloured light vermilion. The specimens 
from Nos. 94 to 110 are characteristic of this class of rocks, 
especially those from 97 to 101. In 97 the porphyritic 
character is well exhibited, small crystals of yellow felspar 
being set in a da^ blue base. 98 shows the scoriaceous 
surface of an old lava bed, and 100 and 101 the streaked 
and tortuous structure incident to the flowing of viscous 
substances. The manner in which they ar e associated with 
the other rocks is especially well shown in sections Nos. a, 

« and 7 , in the heights of the Y Garw and Y Glyder-fawr, 
on Snowdon and Moel-wyn, and on Y Dduallt and Aran 
Mowddwy. They lie perfectly interbedded among the 
slaty and gritty strata and partake of all their curves, show- 
ing that, long after the formation of sedimentary and igne- 
ous rocks they have been disturbed together. (See section 
No. 1. Y Garw and Y Glyder-fawr, and No. « Snow- 
don and Moel-wyn.) Under each bed of felspathic trap the 
slate or grit is altered^ that is to say, it is hardened, and, as 
it were, porcelainised or baked, and above each lava-bed the 
stratum is in its ordinary condition, proving that the lava 
flowed over the under stratum in a melted condition, and 
that after, or during the process of cooling, the upper sedi- 
ments were deposited upon it. The strata amid which these 
felspathic traps lie are charged with ordinary Lower Silurian 
fossils (see the horizontal cases in the gallery below), and 
this indicates that the Silurian volcanos of the time in this 
area were partly submarine, or, at all events, that, being 
volcanic islands rising in the midst of the ocean, many 
beds of lava flowed far into the sea. 

Felspathic and calcareous volcanic ashes or tuppas 
are associated with the other rocks. They are coloured, 
vermilion in the sections, of a paler hue than the felspathic 
traps, and when calcareous, or when they contain much 
ordinary sediment, they are streaked with blue and light 
purple. The specimens Nos, 5 to 71 will give an idea of 

k2 
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their structure. Nos. 5, 9, 18, 21, 26, 31, 33, 69, and 71 
are eminently typical kinds. 

5 shows the bedded character. 

9 shows the porphyritic character. 

18 shows ihc porphyritic character partly decomposed. 

21 shows iha porphyritic compact nature of the rock. 

26 shows the porphyritic character, with scales of slate 
associated. 

31 shows the scoriaceous character. 

33 shows the scoriaceous character somewhat conglome- 
ratic. 

69 and 71 show hrecciated, m([ porphyritic struc- 
tures. 

The relation of the ashes to the other rocks is especially 
well shown in section No. 2, between Castell and Little 
Hill ; in No. 3, on the right of the Breidden Hills ; in No. ft, 
on the top of Snowdon ; in various streaks in No. 5, on both 
sides of Corndon Hill; in No. 6, on the Carneddan ; in 
No. 7, between Y Dduallt and Careg Aderyn, and on the 
left of the felsputhic ti*ap that forms the summit of Aran 
Mowddwy ; in No. 8, on the left of Cader Idris, beneatli the 
felspathic trap in the hollow of Llyn-y-Gader, and in No. » 
between the to]) of Arenig-fawr and the road to Tyn-y- 
Mynydd. It will be seen that they are marked as perfectly 
stratified. Rarely they contain fossils. Under the traps of 
Cader Idris and Aran Mowddwy they are chiefly felspathic, 
sometimes brecciated and conglomeratic, and occasionally 
calcareous. They are much intermingled with oi'dinary slaty 
sediments, as might be expected of volcanic ashes showereiL 
into Silurian seas. On Aran Mowddwy and Cader Idris 
they are about 2.500 feet thicks the accumulated result of many 
eruptions. Passing northward they thin entirely away. On 
the left side of Arenig-fawr (section 9) the trap marked 98 
is the equivalent of that marked 94 and 97 on the Aran 
Mowddwy and Y Dduallt section (7). There is no ash 
under 98 ; it has thinned out ; but there are other ashes of 
later date above 98 forming the summit of the mountain. 



AND SHROPSHIRE. 


181 


The porphyritic traps, ashes, and conglomerates of Moel- 
wyn (section #) are the general equivalents of those of Aran 
Mowddwy and Y Dduallt, They consist of felspathic por-, 
phyritic lavas, and volcanic conglomerates and ashes, dip- 
ping north at angles of fiboiit 45^. The fossils of the 
ordinary stratified rocks in which they immediately lie 
belong to the Llandeilo group^ and tlie overlying slaty rocks 
of Cynicht, &e., to the Caradoc or Bala series, on a high 
part of which an outlier of felspathi(i porphyry rests to the 
right of Nant-y-Mor. This outlier belongs to the felspathic 
rocks of Snowdon, which are, therefore, of much later 
geological date than the similar rocks of Moelwyn and Aran 
Mowddwy. 

The Snowdon trap lies on highly fossiliferous sandstones, 
and the solid mass that fonns the base of Snowdon splits 
into several large divisions as it passes northward to Y 
Glyder-fawr (section i). Tlie Snowdon mass is, therefore! 
the result of several eruptions. On the toy) of the moun- 
tain are ashes, sometimes very solid and felsj)a1hic, at other 
places mixed with calcareous impurities and fossiliferous. 

As a whole, the North Wales rocks shoic two principal 
epochs of eruption, the first indicated by the rocks of Aran 
Mowddwy (section l). Coder Idris (section s), Arenig (sec* 
tion 9), and Moelwyn; the second, by Snowdon (section %) 
and Y Glyderfawr (section l). In 4 both sets occur 
ill the same section, sliowing a clear order of superposition. 
It is worthy of j*enuirk, that tiie interbedded felspathic 
igneous rocks of Moelwyn, dipping under the rocks of 
Cynicht and Snowdon on the south, do not rise on the 
north side of the Snowdon synclical axis (or basin) between 
the higher part of the mountain and tlie Cambrian rocks 
near Y Tryfau, Tlie older interbedded igneous rocks, 
therefore, thin out between Moelwyn and Snowdon deep 
under the surface. (See section %.) 

The eruptive felspathic and quartz porphyries and 
syenites (see p. 203) always lie amid rocks deep under or 
of older date than the contemporaneous felspathic traps 
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G^^ry ftshes, and it is probable that they indieate parts of 
* g^eat masses of deep-seated melted matto* or voloaiiic 
centres, that lay much deeper than the craters, but from 
which the melted rocks and ashes proceeded that were 
ejected from these vents. As they now stand, these bosses 
have only been exposed by denudation long after the 
disturbance of all the rocks of the country. 

Though all these rocks are volcanic, or connected with 
volcanic action, it is not to be supposed that any true traces 
of volcanic craters now remain. The whole country has 
been so much disturbed by subsequent contortion of that 
part of the crust of the earth, and it has been besides so 
long and so often subject to denudation, that nothing now 
remains but fragments of great lava streams and beds of 
ashes, sometimes cropping out and spreading over consi- 
derable areas, but in general showing little more than their 
edges, the sections of volcanic areas, their major portions 
being continued beneath thousands of feet of overlying slates 
and sandstones under which they lie buried. — ^A, C. Ramsay. 


Catalogue of Specimens by A. C. Ramsay, assisted by 
Hilary Bauerman. 

Cader Idris, Aran, Arenig and Moelwyn Series. 

1 Slate, WITH talcose and felspathic slaty bands, 

consisting of alternations purple slate with greenish-grey 
felspathic sediment — Y-Graig-wen, Dinas Mowddwy, Me- 
rionethshire. Map 60, N.W. In this specimen the fel- 
spathic bands predominate. 

The slaty baud from which it is derived occurs in the 
midst- of a great mass of felspathic lava. The rock is 
aflFected by cleavage, and the layers of which it is composed 
being of various degrees of fineness, the cleavage and frac- 
ture are coarse and irregular. The bedding and cleavage 
form an angle of about 30®. 

2. — ^TalOose and felspathic slaty beds, dark greenish- 
grey, with black layers separating the different kinds of 
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sediment. — Half a mile from Pant-yi*-onen, 1 mile south of 
Dolgelli, Merionethshire. Map. 59, N.E. 

From the upper part of the Lingula flags, composed prin- 
cipally of consolidated fine felspathic sediment^ interstratified 
with what were originally black muddy layers. The fel- 
spathic pai’t is possibly chiefly of volcanic origin direct or 
rc-arranged. The rock is cleaved nearly at right angles to 
the planes of bedding. The outer surface is irregularly 
weathered, the purer felspathic layers having been most 
easily decomposed. 
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3. — Taloose and felspathic slaty beds. — Near 


Dolgelli, Merionethshire. Map 59, N.E. Light greenish- 
grey felspathic matter irregularly cleaved, with included 
concretionary felspathic spheroids. 

From the uppermost part of the Lingula flags or base of 
the Llandeilo beds, underlying the thick ashy strata on the 
north slope of Cader Idris. Principally formed of consoli- 
dated felspathic dust and talcy subsequently cleaved. 


4. — Calcareous, talcose, and felspathic slaty 
ashes. — Allt-Lwyd, 4^ miles south of Barmouth, Me- 
rionethshire. Map 59, N.E. Dark greenish-grey sediment, 
with specks and films of black slab*. ; cleavage very 
imperfect. 

From near the top of a great series of thick beds of vol- 
canic ashes which underlie the solid crystalline felspathic 
trap of Cader Idris, Aran Mowddwy, Arenig, &c. It occurs 
about the junction of the Llandeilo and Caradoc or Bala 
beds. 


5. — Compact felspathic ashes (slightly talcose ?) with 
cherty layers, — Mynydd Gader, Dolgelli, Merionethshire. 
Map 59, N.E. Banded alternations of felspathic and 
cherty matter ; the more purely felspathic layers thin 
and deeply eroded. Original colour light greenish-grey. 
Covered on the divisional planes with feiTuginous stain’s. 

From the lower part of the above (No. 4). Principally 
formed of consolidated felspathic a^hy dust or mud. 
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taleose. — Myuydd Gader, Dolgelli, Merionethshire* Map 
J5r*E* iflght greenish-grey felspathic substance, with 


included felspathic and grey cherty fragments. Weathers 


grey, and assumes a brecciated appearance on the weathered 


surface. 


From the same strata as No. 5. 


7. — ^Buecciated felspathic ash, slightly talcose. — 
Mynydd Gader, Dolgelli, Merionethshire. Map 59, N.E. 
Similar in composition and colour to No. 6, but of a finer 
structure. The brecciated structure is chiefly shown on 
weathered surfaces. 

From the some sti'ata as Nos. 5 and 6. 

8. — Compact felspathic ashes, talcose, — Mynydd 
Gader, Dolgelli, Merionethshire. Map 59, N.E. Vary- 
ing from a finely granular to a compact structure. Reddish 
or brownish-grey, weathering to a light greenish-grey. 

From the same strata as Nos. 5, 6, and 7. 

9. — Calcareous felspathic pokphyritic ashes, talcose. 
— Llyu Aran, Cader Idris, near Dolgelli, Merionethshire. 
Map 59, N.E. Consisting principally of entire and broken 
crystals of felspar embedded in a talcose and felspathic 
base, and including filmy layers of black slate^ slightly cal- 
cai’eouH (from infiltration ?). Weathers dark brown ; when 
newly fractured, colour dark bluish-green. 

The uppei- portion of the thick beds of ashes which 
underlie the crystalline traps of Cader Idris exhibits a 
mixture of ordinary slaty sediment wjth felspathic material, 
which originally consisted of fine \olcanic dust and broken 
crystals of felspar. 


The rocks immediately north-west of the Dolgelli and 
Bala road ai^e repeated by a great fault at tlie river Wnion, 
which is a downthrow on the north-west. See section 
No. F above. This fault passes from tlie neighboui'hood of 
Dolgelli by the Bala road through Bala lake, repeating the 
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rocks <tf the Ckder Idris ftud Aritn/ range in the nianner 
shown in Uie section. 

10. — .-FELSPATntlC SANDY AND SLATY BEDS, hlock ilaty 
bands^ interstratified with dark grey fetspatkic lagers^ 
which are unequaDy affected by deavage. — Moel Offi*wm, 
near Dolgelli, Merionethshire. Map 75, S.E. 

This and the rocks up to No. 13 are from the geological 
equivalents of the lower pait of the thick beds of ashes 
which underlie the crystalline felspathic trap of Cader 
Idris. On Moel Offrwin the tuffas are mixed with a large 
quantity of ordinary slaty and sandy sediment. 

11. — Highly indurated felspathic sandstone. — Mod 
OffrAvm, near Dolgelli, Merionethshire. Dtirk blackish- 
green finely granular rock, with a flat conchoidal fracture. 
Weathers to dark brown. 

From the same beds as No. 10. 

12. — Handy felspathic and talcose i.aykhs alternating 
with ])urer felspathic bands. Fresh fracture grey, but 
weathers white and pale yellow. — Moel Offrwm, near Dol- 
gelli, Merionethshire. 

From the same beds as Nos. 10 and 11. 

13. — Felspathic ani> porphyritig ashes Y Wenalt, 

6 miles south-west of Bala, Merionethshire. Maji 74-, 
S.W. Grey felspathic base^ including light grey elongated 
felspathic fragments. 

From a bed overlying the felspathic porphyry of Y Graig 
and Arenig. This porphyry is the same bed as that of 
Aran Mowddwy, but sejnirated from it by the great Bala 
fault. These ashes do not occur above the felspathic 
porphyry on the Aran Mowddwy range. They extend from 
Y Graig, 8 miles south-west of Bala to tlie river Machno, 
near Llyn Conwy, a distance of 13 miles. 

14. — ^Brecciated conglomerate and felspathic sand^ 
stone. — ^Arenig, Merionethshire. Map 74, S.W. Light 
brown rock, consisting of alternations of sandy and fine 
brecciated felspathic fragments. The upper and lower p^arts 
are finely laminated, and include a thin band of fine breccia. 
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Upper This specimen shows three different conditions of me- 
chanical deposition^ and is less purely ashy than the imme- 
Wall^oA (jjately preceding specimens. 

15. — Decomposing felspathic ash. — East side of Y 
Gi*aig, Merionethshire, 8 miles south-west of Bala. Map 
74. Light yellowish-grey, with cavities resulting from the 
decomposition of crystals felspar, which arc partly filled 
with ochreous matter. 

16. — Fklspathic and talcose ashes. — Moel-y-Menyn, 
2 miles south-south-east of Arenig, Merionethshire. Light 
grey rock, with imperfect cleavage. Weathers to a light 
brown colour on the joints. Emits a strong argillaceous 
odour, 

17. — Decomposing fklspathic ashes. — Top of Arenig, 
Merionethshire. Yellowisli felspathic rocks, with cavities 
produced by the removal of decomposed crystals of felspar, 
which are replaced by ochreous matter. Weathers very 
irregularly of a light greenish-grey colour. Emits a slight 
argillaceous odour. 

These beds form the top of Arenig-fawr. (See section 
No. 9, above.) They are often largely and distinctly 
bedded, but sometimes much jointed and massive, and also, 
when undecomposed, so much resemble the molted traps 
that for short spaces they are not easily separated. Fre- 
quently they are porphyritic, even where most distinctly 
bedded. (See also 20 and 21.) 

18. — ^PoupiiYniTic FELSPATHIC ASHES {decomposing ). — 
Mynydd Nodol, five miles west-north-west of Bala, Merio- 
nethshire. Grey felspathic rock, with white specks and 
patches of decomposing felspar. Weathers of a light brown 
colour. Emits a strong argillaceous odour. 

This specimen is from the same set of thick ashy beds 
that form the Arenig, &c. See description of No. 13. 

19. — Thin bedded, compact, greenish-gret ashes, 
slightly porphyritic ; weathering light brown. East side of 
Y Graig, about eight miles south-west of Bala, Merioneth- 
shire. Consolidated fine felspathic dust. 
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This and the two following specimens are from parts of Uppbr 
the highest beds of this volcanic series. ^ — 

20. — Compact felspatiiic ashes. — Top beds on the 
east slope of Areuig, ■Merionethshire. Dark grey, finely 
laminated felspathic rock. W eathers liglit grey or brownish- 
black. 

21. — Bedded felspathkj porphyry. — Llyn AiTiiig, 
Merionethshire. Compact, dark greenish-grey rock, with 
small embedded crystals of felspar and gv^j felspathic and 
cherty fragments* Weathers very unequally, the included 
fragments projecting from the surface. 

In hand specimens, this rock might be mistaken for a 
porphyry that had been melted. On the spot its bedded 
character tells its true origin. 

22. — PoRPiiYRiTic ASHES, culcareous and felspathic . — 

West of Moel Llyfn-nant, Merionethshire. Map 76, S.E. 
Slightly talcose. Fragmentary crystals of felspar^ loith 
slaty particles included in a felspathic base. Weathers to a 
dark blackish-brown. 

From the same beds as Nos. 5 to 9. It leseinbles No. 9. 

The crystals of felspar were probably originally showered 
out in a broken state and mixed with felspathic dusty 
sediment. 

23. — Talcose slaty reds. — Bright green, talcose, slaty 
beds, cleaved with blue slaty alternatious, intersected by 
veins of calcite. This specimen is filled with small bril- 
liant crystals of iron pyrites. This and similar beds 
pass gradually into felspathic ashes. Maps 75, N.E., and 
74, N.W., S.W. 

Diffwys slate quarry, north of Ffestiniog, Merionethshire. 

This bed, and several others with which it is associated, are 
exceedingly thin in the neighbourhood of the slate quarries, 
and thin away entirely a little further west. Eastwards 
they gradually thicken, and their equivalents swell out 
into the great masses that run from Llyn Conwy to the 
Arenigs. 

24. — Felspathic ash, talcose and siliceous. — ^Between 
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CUTSET Cwm Orthin ; Ffestiniog, Merionethshire. 

— * Map 75, N.E. See 24, section € above. Brownish-grey 
Wall-case 4. nxottled with black, showing a coarse slaty structure ; 
bleached and partly decomposed on the outer surface. 
These locks sometimes pass into well-marked felspathic 
ashes, and sometimes into fossiliferous sandstones, equivalent 
to the base of the Llandeilo beds. In places they also 
assume the appearance of rocks termed Variolite. 

24a.— The same rock, pounded and fused in a furnace. 
It has the general appearance of obsidian, but is vesicular 
and spherulitic. See No. 138, Wall-CaSO 1, and also 
30, Wall-CaS6 2, where the same general structure is 
shown in obsidian, from Ascension. 

25. — Felspathic axd talcose behs. — South-east of 
Cwm Orthin Lake, Ffestiniog, Merionethshire. Map 75, 
N.E, Very compact bands of grey, dark greeji, and black 
felspathic sediment, the surfaces of the bed soft, and coated 
with talcose slate, showing ripple marks. It belongs to the 
same set of rocks as No. 24. 

26. — Calcareous felspathic ash, talcose, imperfectly 
POKPiiYiiiTic. — South east end of Cwm Orthin Lake, Ffes- 
tiniog, Merionetlisliire. Map 75, N.E. Blaekish-gj’cy, with 
white crystals and fragments of felspar, and scales and 
short layers of black slate interspersed ; rudely laminated. 
Crossed by section above, No. ft, near No. 26. 


Snowhox Series and their Equivalents. 

27. — Felspathic sandy and slaty calcareous beds. 
— Snowdon, Caernarvonshire. Ma]> 75, N.E, /Soinewhat 
ashy. Alternations of blue slaty and brownish-grey sandy 
beds, the latter full of small cavities on the w<‘athered 
surfaces. .The cavities probably formed by the decompo- 
sition of lime, origiually derived from fossils. 

28. — Sandy VOLCANIC. ASH. — North side of Crib Goch, 
Snowdon, Caernarvonshire. Map 75, N.E. Alteimations of 
grey and bluish-grey sandy calcai*eous sediment, weathering 



VOLCANIC ASHES, BTC., SNOWDON SERIES. 


189 


brownish ; shows a coarse slaty cleavage. From the same 
i|>eds as 27. 

29. — Sandy calcareoits ash. — Crib Goch, Snowdou, 
Caernarvonshire. Map 75, N.E. Finely-bedded bluish- 
grey sandy calcareous sediment ; weathers in bands un- 
equally. Contains small interspersed crystals of iron 
pyrites. Freshly broken surfaces show a slaty lamination. 

30. — Calcareous ash. — North-east end of Llyn Llydaw, 
Snowdon, Caernarvonshire. Map 75, N.E. Dark, blackish- 
grey, very calcareous rock. Weathers black, with an 
irregular honeycomb surtVice, caused by deeonijmsition of 
the contained lime. Slightly laminated, and liard, and 
brittle. 

31. — ScOIllAOEOUS FELSrATHIC AND CALCAREOUS ASH. 

Crib Gocli, Snowdon, Llanberis, Caernarvonshire. Ma}) 
75, N.E. Bluish-grey felspathic sediment, with a little 
calcareous cement ; weathers very unequally, exhibiting the 
rough scoriaceous surface. 

32. — Brecci ATED FELSPATHIC ASH. — Ciogwy 11 du’i* Arddu, 
Snowdou, Caeriiarvousliire. Map 75, N.E. Greeuish-grey 
felspathic sediment, witli included angular fels]>athie frag- 
ments, ■which project on tlie weathered surfaciL 

33. — Volcanic ash. — Dolwyddehin, Caernarvonshire, — 
'Map 75, N.E. Dark greenish hrecaiated and scoriaceous^ 
looking, enclosing rough angular, and a few roinuhnl fid- 
spathic fragments. Hard and brittle. 

34. — Felspathic ashy rreccia. — Castell Cader Dinmael, 
3* miles south-east of Cerrig-y-Druidion, Merionethshire. 
Mil]) 74, N.W. Roughly bedded, djirk-grey roih, with 
small included fragments of grey felspathic suhstiuices. 
W Gathers brown i sh-grey , 

35. — Felspathic dreccia. — Same locality as 34. Light 
grey rock, made up of angular felspathic porphyritic frag- 
ments, imbedded in a felspathic base, containing crystals of 
felspar. Bleached and weathered surface, very irregularly 
eroded, and covered with ferruginous stains. 

36. — ^Felspathic sediment. — Same locality as 35. Dark 
greenish-grey, with fragments of black sandy slate, and 
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GaSSt entire crystals of white, brown, or yellow 

— * felspar, some much decomposed. The specimen has a coarse 
Wall-case A structure, and gives a strong argillaceous odour. 

The mechanical origin of this rock is very apparent, the 
crystals being mechanically imbedded in felspathic and slaty 
sediment, containing a few grains of quartz. 

37. — Sandy felspathic ash. — Same locality. Similar 
to the last, but of a lighter colour, with large fragments of 
included rock, and numerous broken and entire crystals of 
felspar ; also contains impressions of fossils {Orthis\ the 
lime of which has been carried away in solution by the 
]>ercolation of rain water. The fossils in this specimen, em- 
bedded along with felspar crystals, prove the mechanical 
origin of the rock. 

38. — Felspathic ash. — Craig Gwel, Montgomeryshire, 
8 miles south-east of Bala. Map 74, S.W. Greenish^grey 
felspathic sediment^ with black slaty specks and particles. 
Weathers greyish-white. 

39. — PoRPHYRiTic FELSPATHIC GRIT. — Llechrydau, 5 
miles south of Llangollen, Montgomeryshire. Map 74, S.E. 
Yellowish-brown sediment, with fragments and crystals of 
white and red felspar^ some very much decomposed ; gives 
out an earthy odour. 

This is the equivalent of the lower ashy beds that under- 
lies the Bala limestone near Bala, and they are probably 
continuous underground in the synclinal curve that lies 
between the Bala country and the Berwyn hills. 

The specimens from Nos. 27 to 39 are all from one set of 
rocks, viz., the tuffaceous or ashy rocks that lie on the fel- 
spathic traps (lava beds) of Snowdon, Moel Hebog, neai* 
Beddgelert, in the valley above Cwm Idwal, between 
Y Glyder-fawr and Y Garn, and in the valley of Dolwyd- 
delan. These ashes are sometimes so purely felspathic and 
porphyritic, that it is difficult (except for the bedding) to 
distinguish them from felspathic porphyries that have been 
ejected as lavas ; but the greater mass on and around Snow- 
don is rough and scoriaceous-looking (near Llyn Llydaw), 
or sometimes sandy, slaty, and calcareous, according as tlm 
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volcanic tuiias were variously intermingled with ordinary 
sediment. Their uppermost part, on Snowdon, and in the — 
outlier of Dolwyddelan, is the equivalent of the Bala lime- 
stone, which, even near Bala, is sometimes ashy in struc- 
ture. The ashy beds on Snowdon, &c., in places, contain 
Bala fossils. They are about 1,000 feet thick on Snowdon, 

(see section above, No. % ;) but ranging east to Dollwyd- 
delan, and from thence by Cerrig-y-Druidion to the neigh- 
bourhood of Bala, and on the north and west flanks of the 
Berwyn hills, they gradually thin out, and, with the rest of 
the Snowdon igneous rocks, they finally disappear a few 
miles south of Bala lake. The meaning of this is, that in 
the middle of the period when the Bala beds were formed, 
the area of what is now Caernarvonshire was the centre 
of a volcanic district, which did not extend far to the 
south. 

39a and 39b. — The same, fused in a common air furnace. 

40. — Concretionary felspathic ash. — Pen-y-rhiw, 
three quarters of a mile north-west of Bala, Merionethshire. 

Map 74, N.W. Felspathic layers, much decomposed, and 
containing ochrey particles, alternating with felspathic con- 
cretions. 

41. — Brecciated volcanic conglomerate and grit.— 

Three quarters of a mile W. by S. of Pwllheli, Caernarvon- 
shire. Map 75, S.W. Alternations of fine and coarse 
volcanic breccia and grit. Greenish, with pebbles of green- 
ish and black chert and jasper. 

Ashy Series of the Llandeilo flags, Breidden Hills 

Montgomeryshire. Map 60, N.E., Section No. 3 

ABOVE. 

42. — Compact felspathic porphyritic ash. — Breidden 
Hills, Montgomeryshire. Dark and greenish-grey granular 
felspathic rock, with small brilliant felspar crystals inter- 
spersed. 

These bedded igneous rocks lie in the Llandeilo flag 
series, and are probably the general equivalents of some of 
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higher igneous rocks that lie in the Uandeilo rocks 
’ between the Stiper stones and Chirbuiy, from four to six 
WallKjMS Montgomery. 

43. — Felspathic ash. — Moel-y-GoUa, Breidden Hill, 
Montgomerysliire. White compa(‘t felspathic rock, with 
green chloritic particles interspersed ; weathers to white 
earth (Kaolin); gives out a strong argillaceous odour. From 
the same set of rocks as No, 42. 

44. — Felspathic conglomeilvte. — Moel-y-Golfa, Breid- 
den Hill, Montgomeryshire. Greenish -grey felspathic sedi- 
ment, with rounde<l fragments of fels])athic porphyritic 
rocks, and crystals of glassy felspar. 

This specimen very much resembles the ashy rocks (No. 
63) of Marringtoii Dingle, near Chirbury (Map 60, S.E.), 
and is probably a continuation of one of tln^ Marringtoii 
beds, repeated in a synclinal curve of Llandeilo flags, under- 
neath the Upper Silurian rocks of the Long Mountain. 

45. — ^Ashy breccia and conglomerate. — ^Breidden Hills, 
Montgomeryshire. Large, angular, and rounded fragments 
of porphyritic and other rocks in an argillaceous and highly 
calcareous cement. Gives out a strong argillaceous odour. 

Some of the embedded fragments ajipear to have been 
well rounded and water-worn on the sea shore. Tliey have 
sometimes been found crusted with Silurian corals. 

46. — Felspatiik^ and pumiceous breccia, — ^Breidden 
Hill, Montgomeryshire. Dark blackish-grey, with white 
angular felsjiatliic fragments and pumiceoiis fragments 
included. Odour slightly argillaceous. 

Some of the felspathic fragments in this locality appear 
as if they had been ejected in tlie form of pumice stone. 

Ashy Series of the Llandeilo Flags between the 

Stiper Stones and Chirbury, Shropshire, and of 

Montgomeryshire. Maps 60, N.E. and S.E., and 

Horizontal Sections, Sheets, No. 32, 34, and 36. 

47. — ^Felspathic ash talcose — Disgwylfa Hill, 3 miles 
north of Bishops Castle, Shropshire. Map 60, vS.E. 
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Greenish-grey slaty rock, with talcose matter, and calca- 
reous particles giving it an amygdaloidal appearance. 

48. — Compact sandy felspathic ash. — Disgwylfa Hill, 
near Bishops Castle, Shropshire. Dark greenish-grey 
felspathic sediment, close-grained, with a few broken crys- 
tals and grains of silica. 

49. — Fine felspathic tufa. — Disgwylfa, near Bishops 
Castle. Map 60, S.E. Soft brownish-grey felspathic and 
argillaceous sediment, with yellow-brown patches of de- 
composing felspar crystals ; outer surface very earthy. 

50. — Felspathic ash.— Disgwylfa Hill, near Bishops 
Castle, Shropshire. Felspathic rock, very compact, made 
of very line sediment, marked by lines of concentric ^ 
weathering. 

This rock is composed of exceedingly line consolidated 
felspathic volcanic dust. 

51. — Very compact felspathic ash. — Yr Ynys,4 miles 
north of Bishops Castle, Shropshire. Map 60, S.E. A 
slightly porphyritic greenish-grey compact rock, with 
specks and films of black slaty matter, and a few scattered 
crystals of felspar, very calcareous ; weathers light brown, 

52. — ^Volcanic sediment. — Pitchels, 2^ miles north <5f 
Bishops Castle. Brownish-black compact sandy rock, with 
small fragments and crystals of felspar ; surface weathers 
to a light brown crust. 

The rocks from 47 to 52 lie in bedded lines, very near 
the base of the Llandeilo flags, west of the Stiper Stones. 

53. — Finely brecciated rock, feU^mthic and porphy- 
Titic^ Hyssington, near Bishops Castle, Shropshire. Map 
60, S.E. Dark greenish-grey granular felspathic rock, with 
crystals of felspar and strings of calc spar. From beds 
of ashes equivalent to 51 and 52, near the base of the 
Llandeilo flags. 

54. — ^Porphyritic felspathic ash. — Brook House, 5 
miles north of Bishops Castle, Shropshire. Map 60, S.E. 
Dark greenish-brown and black rock, with slaty particles 
and crystals of felspar. Impressions of fossils and some 
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weathers to a browiush-grey earths 
^vgr^ * as 61 to 52. 

S5. — Fulspathic breccu. — Heath Mynd, 3 miles pcwrth 
of Bishops Castle, Shropshire. Map 60, S.E. Dark gr^n- 
ish-grey compact felspathic rock, with crystals of felspar 
and cherty fragments included. 

66.— Felspathic bhecciated ash, -Hyssington, Bishops 
Castle, Shropshire. Map 60, S.E. Dark bluish-grey rock, 
with grey felspathic fragments and altered black slate. 
Contains a good deal of lime. From the same bed as 63. 

57. — Felspa tho-siliceous sandy ash. — Marrington 
Dingle, one mile East of Chirbury, Shropshire. Map 60, 
S.E. Green granular rock, felspathic and siliceous, with 
large and small fragments of black slate, and angular frag- 
ments and crystals of felspar. Slightly calcareous. From 
the higher beds of the Llandeilo flags west of the Stiper 
Stones. 

58. — Felspathic sandy ash. — Marrington Dingle, south- 
east of Chirbury, Shropshire. Map 60, S.E. Bluish-grey 
felspathic fine grained sandstone, with a few calcareous 
kernels and small angular felspathic fragments. Same beds 
ais 57. 

59. — Felspathic sandstone, — Marrington Dingle, east 
of Chirbury, Shropshire. Map 60, S.E, Variegated light 
and dark greenish-grey fine grained sandstone, made of fine 
felspathic grains. Smells rather argillaceo” . or earthy. 
Same beds as above. 

60. — Felspathic beecciated coi glomerate. — Mar- 
rington Dingle, as above. Felspatbi< sandstone matrix, 
similar in structure to the preceding, containing small 
angular and subangular fragments of felspathic and por- 
phyritic rocks. 

61. — Felspathic sandy ash, — Marrington Dingle, as 
above. Rock contains fragmentary films of slate, irregularly 
dispersed in a matrix, similar to Nos. 69 and 60* 

62. — Felspathic ashy rock.— Hope Common, between 
Chirbury and Minsterley, Shropshire. Map 60, 
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Ohieiy composed of triturated felspar and small dark 
(homblendic ?) grains^ with small crystals of glassy felspar. 
From the same beds as Nos. 50 to 56, near the lower part 
of the Llandeilo dags. 

63. — Sandy felspathic ash. — Harrington Dingle, as 
above. Light greenish rock, consisting of felspathic grains 
and broken crystals, similar to those of No. 61, but coarser 
in texture. 

64. — Sandy felspathic ash. — The Ridge, 2 miles 
north-east of Chirbury, Shropshire. Map 60, N.E. Light 
yellowish - brown sandstone, granular, with fragments of 
crystallized felspar and impressions of fossils. 

65. — Fine conglomerate. — Hagley, 1 mile E.S.E. of 
Chirbury, Shropshire. Map 60, S.E. Dai*k brownish- 
grey rock made of small fragments of dark felspathic 
porphyry, and entire and broken crystals of felspar im- 
bedded in a felspathic matrix. Somewhat calcareous. 

Same beds as 64, &c. 

66. — ^Felspathic breccia. — North of Maes-isaf Green, 
near Hyssington, Montgomeryshire. Map 60, S.E. Dark 
greenish brecciated rock. Felspathic base with angular 
fragments of green felspathic rock, entire and broken 
crystals of felspar, and angular fragments of altered siliceous 
rocks. Slightly calcareous. 

From beds of volcanic ash low in the Llandeilo flags. 

67. — Felspathic breccia. — The Ridge, 2 miles north- 
east of Chirbury, Shropshire. Map 60, N.E. Contains 
fragments of black slate, large fragments of green felspar 
porphyry, with distinct crystals of felspar, and large grey 
felspar fragments set in a dark greenish-grey felspathic base. 

68. — Felspathic breccia. — The Ridge, 2 miles north- 
east of Chirbury, Shropshire Map 60, N.»E. Decom- 
posing felspathic rock with fragments of slaty rock in- 
cluded, and numerous crystals of felspar. 

69. — Brecciated felspathic porphyry.— Rocky bank, 
mile north-east of Chirbury, Shropshire. Map 60, N.E. 

Light greenish-grey rock» Contains many angular fel^thic 
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o FrT™ y fragments, set in a granular felspathic base containing 
WftUHD(UM4 broken and perfect crystals of felspar. 

70. — Felspathic breccia. — Hope Common, between 
Chirbury and Minsterley, Shropshire. Map 60, N.E, 
Similar in structure to the last, but much darker and less 
weathered. Contains hard grey felspathic fragments and 
broken and entire crystals of felspar in a dark green 
matrix. 

47 to 70, as a wJiole, are specimens of ashy beds which 
were spread contemporaneously amid the Lower Silurian 
rocks of the Llaiideilo flag series. The slates interstrati- 
fied with them contain the ordinary Llandeilo flag fossils, 
and some of the ashy beds are also fossiliferous. They are 
partly arranged so as to show the passage of fine felspathic. 
ashes into coarse breccias. 

Nos. 47 to 56, 62, 66, and 70 are all from a jset of ashy 
beds that lie low in the LlandCsUo flags, betwee| the Stiper 
Stones and the road from Romngton to the turnpike road, 
half a mile east of Church Stoke. Maps 60, N.E. and 
S.E. Nos. 57 to 61, 63 to 65, and 67 to 69. are from 
higher bands of ash in the same series near Marrington 
Dingle, Chirbury. These last, in their line of strike, pass 
gradually from sandstones worked for building purposes, 
into coarse brecciated and conglomeratic volcanic ashes. 
The IMarrington beds are the equivalents of the eastern 
ashy igneous ridge of the Breidden Hills. See sections 
above wo, 3, 42 to 46, and Ko, s, 57 to 71. 

71. — Forphyuitic felspathic ash. — Moat by Nant 
Cribba Hall, 2^ miles north-west of Chirbury, Montgomery- 
shire, Map 60, N E. Greenish-grey rock. Dark green 
felspathic base, containing light green and grey fragments 
of felspar porphyij, and crystals of felspar. 

This rock is very similar to, and may be the equivalent 
of, the volcanic beds of Marrington Dingle, but is not imme- 
diately connected with them. It occurs in a small boss, 
separated from the Chirbury rocks by an intervening tract 
of Wenlock shale, W'hich rests on the Llandeilo beds uncon- 
formably, and in Wales never contains volcanic ashes or lava. 
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Specimens of felspathic Sandstones and Ashes from Upper 

GAUiXST. 

THE LlANDEILO FLAGS, RADNORSHIRE, NEAR BuiLTH. 

Map 56, S.W, and S.E,, and Section xro. a, above. Wall-case 4 

72. — Sandy felspathic rock. — Carneddau, Radiioi’shire; 
near Builth, Breconshire. Map 56, S.W. Yellowish- 
brown granular hard felspathic rock, with hard siliceous 
or cherty bands. 

73. — Decomposing felspathic sandstone. — South-east 
of Llansaintffraicl Church, Radnorshire. Map 56, S.E. 

Dark brown porous rock, made of broken felspar crystals 
loosely cemented. Contains fragments of fossils. 

72 and 73 are more prop(u*ly sandstones made from 
volcanic material, than true ashes. Such rocks, however, in 
this neighbourhood pass gradually into true felspathic ashes. 

74. — Fine felspathk^ brecciatki) ash. — Range of 
Carneddau, Radnorshire, neai* Builth. Map 56, S.W, 
Breconshire. Light brownish-grey felspathic rock, enclos- 
ing angular fragments similar in color and texture to the 
matrix ; tlie specimen is apparently bleaclied. 

75. — Volcanic conglomerate. — Carneddau, Radnor- 
shire. Map 56, S.W. Near Builth. Dark brownish- 
black felspathic rock, chiefly formed of angular fragmen- 
taiy crystals of felspar, euclosiug rounded pebbles, and 
angular felspathic fragments which project on the weathered 
surface. 

76. — Felspathic breccia. — North end of the Carneddau, 

Builth, as above. Very hard rock, full of white hard 
felspathic augular fragments set in a black base. 

77 — Felspathic, ashy, fine, brecciated rock. — Llan- 
degley Mountain, west of “ the Rocks,” Llandegley, Radnor- 
shire. Map 56, S.E. Brownish-grey rock, with fragments 
of felspathic and slaty rocks included, and crystals of felspar, 
and containing fragments of fossils ( Orthis). These rocks 
are from the same set of beds with those of the Carneddau 
and Llansaintfii-aid, near Builth. They pass from ordinary 
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G^imr sediment into decided ashes or tufas, and are fre- 

— r * quently fossiliferous. 

WjOl^ptve*. . 

CA£BMARTHBNSHIR£. 

78. — Brecciated pelspathic ash. — Cam Blaendyffiyn, 
Llangadock, Caermartbenshire, South Wales. Map 41. 
Brown brecciated rock, containing large decomposing fel- 
spatbic fragments in a yellowish-brown felspathic base, with 
fragments of felspar crystals. 

From the Llandeilo flags. 


Pembrokeshire. 

79. — ^Brecciated felspathic rock, interstratified in 
thick beds with slates of the Llandeilo flag series. Strumble 
Head, Goodwick, near Fishguard, Pembrokeshire. Map 40. 

80. — Fragment of the same, Strumble Head, Goodwick, 
near Fishguard, Pembrokeshire. 


Felspathic Porphyries, &c. — Lava Streams. 

Specimens prom felspathic lava beds that are asso- 
ciated with and chiefly overlie the volcanic ashes of 
Cader Idris and Aran Mowddwy, &c. ; the whoh lie 
7iear the base of the lowest part of the Llandeilo flags, 

91 . — Calcareous amygdaloid. — Ridge of Cader Idris, 
one mile south of Tyn-y-Nant, south-west of Dolgelly, 
Merionethshire. Map 59, N.E. Green talcose rock, full 
of kernels of calc spar. 

This specimen has originally been part of a scoriaceous 
vesieulai* mass (a cellular lava like No. 4, C&S6 4)> the 
vesicles of which have afterwards been filled by infiltra- 
tions of carbonate of lime. On the surface the lime has 
subsequently been dissolved out, and it has again become 
vesicular..,. . , 
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92. — Amyodaloii). — ^B uaidi Glas, by turnpike road 2^ Uripjs^ 
miles north-west of Dinas Mowddwy, Merionethshire. 

Map 60, N.W. Blackish-greon felspathic rock, with ker- ^all-case 4 
nels of quartz interspersed. 

This specimen is from the great masses of felspathic 
porphyries, &c., that overlie the volcanic ashes, No. 1 to 
12, of Cader Idris, Aran Mowddwy, Moel Offhvm, &c.. 

93. — Felspathic trap. — Locality as above. Specimen' 
similar to the last. Amygdaloidal substances in part decom- 
posed out of the cavities, which contain calc spar. 

94. — Felspathic trap. — Top of Aran Mowddwy, Merio- 
nethshire. Map 74, S.W., and horizontal section JMo, 28, 
also section above. No. 7 . Compact greenish-grey fel- 
spathic rock ; weathers white. Continuation of the same 
set of rocks as 92 and 93. 

9o. — Felspathic trap. — ^Penmaen, Merionethshire, west 
of turnpike between Dolgelly and Bala, near the eighth 
milestone. Map 64, S.W., and horizontal section No. 37, 
line 3 ; also section above, No. 7 . Compact greenish fel- 
spathic rock ; weathers brown. 

This is the equivalent of the Aran Mowddwy and Carreg 
Aderyn rocks, Nos. 94, 95, and 96, repeated by a fault at 
the river Wnion. Section No. 7 . 

96. — Decomposing felspathic trap. — Penmaen, Merio- 
nethshire, as above. Similar to No. 96, but bleached and 
porphyritic, from interspersed yellow felspar crystals, partly 
decomposed. 

97. — Felspathic trap. — Clogwyn-yr Eglwys, 7 miles 
south-west of Bala, Arenig range, Merionethshire. Map 
74, S.W. Dark bluish-grey porphyritic felspathic rock, 
with interspersed white crystals of felspar, from same set 
of traps as above. 

This is a good typical specimen of this set of rocks, when 
freshly fractured and undecomposed. 

98. — Felspathic porphyry. — West of Llyn Arenig, 6 
miles west of Bala, Merionethshire. Map 74, N.W. Dark 
greenish felspathic rock, with interspersed crystals and con- 
cretions. Felspar shows an irregular scoriaceous surf^e. 
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a continuation of tlie same rocks as No. 97* 

99.— Felspathic trap. — Quarter of a mile south of 
Moel-y-Menyn ; 6 miles west-south-west of Bala, Merio- 
nethshire. Map 74, S.W. Compact dark bluish-grey fel- 
spathic rock. Conchoidal fracture. Weathered white to 
the depth of a quarter of an inch on the exposed faces. 

This is also the equivalent of the Aran and Penmaen fel- 
spathic trap in its north range, on the west side of the River 
Wnion or Bala fault (see section above, No. 7 ) ; and in this 
neighbourhood the thick beds of ashes disappear that, 
further south, underlie these felspathic lavas. From Nos. 
91 to 99 the rocks belong to tlie lower set of lavas that lie 
near the base of the Llandeilo dags, and, associated with 
many beds of ashes, circle in a crescent form from the 
neighbourhood of Dolgelli to Tremadoc, including the 
mountain of Cader Idris, the Arans and Arenigs, the Ma- 
nods, and Moelwyn Mawi* and Moelwyn bach. See Maps 
59, N.E., 74, S.W. and N.W., 75, S.E. and N.E., and sec- 
tions Nos. ft, 7 , 8, and ft, above. 


Felspathic Lava Beds op the Higher or Snowdon 
Series, lying in the Caradoc or Bala Rocks. 

100. — ^Felspathic trap. — Clogwyn du’r Arddu, Snow- 
don, Caernarvonshire. Map 75, N.E. Compact greenish- 
grey felspathic rocky with irregular bands of a white 
felspathic substance. The latter resist weathering, and 
form projecting lines on the weathered surfaces. These 
lines probably originated from the same cause that produced 
the laminated structure in the lava from Ascension. Nos. 

26 and 60 , Case 2. 

Clogwyn du’r Arddu forms a lofty clitf about a mile 
north-west of the peak of Snowdon, in which the felspathic 
traps (old lava beds) are faulted against the calcareous 
ashy beds that form the mass of the summit of Snowdon. 
See section] No. ft, above. 

101. — ^Felspathic trap. — ^Clogwyn du’r Arddu, Snow- 
don, Caernarvonshire. Map 75, N.E. Compact bluish- 
grey felspathic rock, with banded lines, showing viscous 
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flowing. These lines, invisible in the freshly fractured 
interior, become visible on weathered surfaces, and are 
probably analogous to those shown in specimens No. 45 and '^•W-pw4f 
46, Case 2. 

From the same set of lava beds as No. 100. 

102. — Felspathic trap. — Esgair-felen \ Y Glyder-fawr, 

Llanberis, Caernarvonshire. Map 78, S.E. Grey compact 
felspathic rock, with patches of pink felspar. Upper 
part filled with elongated cavities, partly empty, partly 
filled with pink felspar, partly with siderite, and some with 
ochreous brown iron ore, from the decomposition of the 
latter mineral. 

From the northern continuation of the highest of the 
three beds of felspathic trap that fonn the clitf of Clogwyn 
du’r Arddu. 

103. — Concretionary felspathic porphyry Y 

Glyder-fawr, Llanberis, Caernarvonshire. Map 78, S.E. 
Bluish-grey felspathic rock, with crystals of felspar, 
full of spheroidal felspathic concretions, themselves por- 
phyritic. 

From the felspathic trap north of Pen-y-Gwyd, between 
the top of the Pass of Llanberis and Capel Curig. Equi- 
valent to a high part of the Snowdon felspathic traps of 
Clogwyn du’r Arddu, &c. 

104. — Brecciated felspathic Trap Crib Goch, 

Snowdon, Caernarvonshire. Map 75, N.E. Dark bluish- 
grey felspathic rock formed of angular fragments of fel- 
spathic rocks. 

This specimen belongs to one of 8 small isolated patches 
of compact felspathic trap that overlie the ashy rocks of 
Snowdon and Moel Hebog. It is generally columnar, and 
overlying the ash, once formed a large continuous sheet of 
lava, the greater part of which has been destroyed by 
denudation. 

105 . — Calcareous amygdaloid — Moel-yr-Ogof, Bedd- 
gelert, Caernarvonshire. Map 75, N.E. Green felspathic 
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Vvtm ^<^^5 of cavities. Containing calc spar on the surfeee. 

OAMarsY^ The lime has been dissolved out of the cavities. 

*V(riKicf«ii^ 4 . From an outlying patch of the above, lying on the ashy 
beds of Moel Hebog. 

106. — Compact felspathic trap. — Digoed, 3^ miles 
south of Bettws-y-Coed, Caernarvonshire. Map 75, N.E. 
Light greenish-grey felspathic rock, with inclosed chalce- 
donic or cherty concretions. 

107. — Siliceous and felspathic concretionary rock, 
made of light grey felspathic and bluish chalcodonic sphe- 
roids. 

108 and 109. — Similar specimens. — Same place as 108. 
Specimens 106 to 109 are derived from bosses of felspathic 
trap that lie in horizons, not far beneath the Bala limestone, 
and are, therefore, probably, approximately equivalent to 
the felspathic rocks under the calcareous ashes of Snowdon, 
which are partly the equivalents of the Bala limestone. 

110. — Compact felspathic trap. — Yspytty Evan, Caer- 
naiwonshire. Map 74, N.W. Light bluish-grey compact 
felspathic rock, containing a few felspar crystals. From the 
same rocks as the preceding. 

111. — Felspathic vesicular trap, — Castell Caer Seion, 
Conway, Caernarvonshire. Map 78, N.E, North end of 
the felspathic traps of Snowdon, Y Glyder-fawr, Carnedd 
Dafydd, and Carnedd Llewelyn. 

112. — Ancient celt, unjinished^ found in Anglesea, 
and probably formed from one of the preceding felspathic 
porphyries of the Snowdon district. 

From 108 to 111 the specimens are all derived from the 
same set of rocks that underlie the ash-beds of Snowdon, &c., 
and their equivalents. These old lava beds extend from 
Moel Hebog on the South to Conway on the North. South 
^ of Snowdon they form one chief mass. On Snowdon and Y 
Glyder-fawr the felspathic trap splits into three or four 
separate beds. See Section No. i above, and Maps 75, 
S.E. and 78 N.E. The ashy beds near Bettws-y-Coed are 
the equivalents of those of Snowdon, 
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113. — BhVK FBLSPATHic H0CK» with a few cavities. — 
Craig Bhiwarth, near Llangynnog, Montgomeryshire. Map 
74, S.W. 

114 . — White felspathio rock, the cavities filled with 
crystallized carbonate of lime. Craig Rhiwarth, near 
Llangynnog, Montgomeryshire. Map 74, S.W. 

115. — Compact felspathic rock, with a few inter- 
spersed crystals of felspar, some of them brown from decom- 
position. — Y Garn, 3 miles W. N. W., near Llanrhaidr-yii- 
Mochnant, Montgomeryshire. Map 74, S.E. 

It is uncertain whether 113 and 115 are of the date of 
the Snowdon traps or of those of Cader Idris and the 
Arans ; the latter is probable. It is also uncertain whether 
they are contemporaneous or intrusive. 


Intrusive Ioneous Rocks, North Wales. 

Rocks intruded among and altering the Cambrian and 
Lower Silurian strata, 

116. — Hornblende porphyry. — Ridge of Cader Idris, 
Cyfrwy, south-west of Dolgelly, Merionethshire. Map 59, 
N.E. Light grey felspathic base, containing small crystals of 
light and dark green hornblende, slightly bleached on the 
exposed edges. 

This specimen is from the cliffs on tlie north side of 
Cader Idris, and though the rocks here lie between the 
strata (see section No. 8 above, No. 1 16,) they are known 
to be intrusive, as they break across the strike on Mynydd 
Pennant, east of Lyn Cae. Map 59, N.E. 

117 , — Syenite. — Two miles north-west of Ffestiniog, 
Merionethshire. Map 75, N.E. Greenish grey felspathic 
base with a little quartz, with irregularly interspersed 
fragments of a platy hornblende {bronzite). 

From a large boss of intrusive Syenite piercing the Lin- 
gula flags, and altering them all round the points of junc- 
tion* (See No. 1 17, section No. % above.) 
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118**— .Gbeenstone. — Bwlch-yr-Hendref, near C^l 
Arthog, 6 miles south-west of Dolgelly^ Merionethshire,' 
Map 59, N.E. Dark green hornblende base, containing 
crystals of white potash felspar and large crystals of a platy 
variety of hornblende. 

Part of a line of greenstone intruded between beds of tlie 
Lingula flags. The rocks are altered both above and below 
the greenstone, proving its intrusive character. 

119. — Greenstone. — Bwlch-y-Hendref. As above. 
Dull greenish-black rock, obscurely laminated in structure, 
made of acicular felspar crystals and plates of hornblende 
in alternate layers, the former projecting on the weathered 
surface, 

120. — Greenstone. — Bryn Prydydd, 4 miles north 
of Dolgelly, Merionethshire. Map 75, S.E. Greenish-gi’ey 
rock, made of an intimate mixture of light and dark green 
hornblende and potash felspar indistinctly crystallized, with 
strings of felspar traversing the mass. 

From a mass of greenstone intruded among the Lingula 
flags, 

121. — Greenstone. — ^Bwlchau-yr-Figen, 3 miles north- 
west of Dinas Mowddwy, Merionethshire. Map 60, N.W. 
Finely granular mixture of felspar and dark coloured horn- 
blende. 

From one of several lines of greenstone intruded into the 
felspathic trap of the Aran range. 

122. — Calcareous greenstone. — Ffestiniog, Merioneth- 
shire. Map 75, N.E. Intimate mixture of felspar and 
very small hornblende ciystals, with kernels of calc spar. 

From one of many dykes intruded into the Lingula flags. 

123. — Calcareous dyke. — ^Blaen-y-ddol, half a mile north 
of Ffestiniog, Merionethshire. Map 75, N.E. Compact 
grey felspathic rock, with slaty cleavage, somewhat cal- 
careous. Same as above. 

124. — Quartz porphyry. — Llyii Padarn, Caernarvon- 
shire. Map 78, S.E. Decomposing felspar (nearly china 
clay, full of granular quartz crystals), mostly stained brown 
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or yellow. Strings of quartz traverse the mass. It is an 
altered condition of No. 185. 

Part of a large intrusive mass which extends from 
Llanllyfni (75, N.W.) to St. Ann’s Chapel, Nant Fran- 
con (Map 78, S.E.), about 13 miles in length and 2 miles 
wide at the broadest pai’t. It lies among the Cambrian 
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grits, conglomerates, and slates, whicli, near the points of 


junction, are much altered. See section No. € above, and 


specimens Nos. 185 to 192 in this case. 


125. — Hornblendtc PORruTRY. — ^Mynydd Mawr, Llyn 
CVellyn, Caernarvonshire. Map 75, N.E. and N.W. 
Light pink felspar base, with small specks of hornblende 
included. 


Intruded among the Lower Silurian slates, which are 
altered by it, and rendered hard and porcellaneous at the 
tion. It is about 2 miles wide, of a circular shape, and 
forms the mountain of Myjjydd-mawr (or the Great Moun- 
tain). 


126. — ^Reddish-brown FELsrATiiic ROCKS, compact or 
FINELY GRANULAR, with transparent quartz crystals filling 
the cracks and cavities, and dendritic infiltrations of oxide 
of manganese . — Craig Ddu (Black Crag), 5 miles south- 
west of Clyiiog fawr, Caernarvonshire. Map 75, N.W. 

From a high cliff which rises from the sea, and forms 
part of the intrusive masses of the Rivals, or Yr Eifl. 


127. — Felspathic porphyry. — Mynydd-tir-y-cwmmwd, 
4 miles south-west of Pwllheli, Caernarvonshire. Map 
75, vS.W. Light yellowish-brown felspathic base, with a 
few hornblende particles much decomposed, and large white 
felspar crystals. 

Part of a mass 5 miles in length, intruded among the 
Bala beds. 


128. — Syenite. — Cefn Amwlch, 8 miles west of Pwll- 
heli, Caernarvonshire. Map 76, S. Felspar base, with 
white quartz crystals included, and a few specks of horn- 
blende. 
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boss of syenite, piercing Lower Silurian 
^ about three-qiu«*ters of a mile wide. 

129. — Syenite, — G yrn Goch, mile south of Clynt^ 
fawr, Caernarvonshire • Map 75, N.W. Reddish*brown 
finely granular mixture of quartz and felspar crystals, with 
a few small hornblende crystals interspersed. 

Part of an intrusive mass 3 miles long, forming the hills 
of Bwlch-mawr, Y Gyrn-Goch, T Gyrn-ddu, and Moel 
Penllechog. 

130. — Felspathic ' TRAP. — Mynydd-tir-y-cwmmwd, 4 
miles south-west of Pwllheli, Caernarvonshire. Green fel- 
spathic base, with a few hornblende and white felspar 
crystals interspersed. 

From the same mass as No. 127. 

131. — Felspathic porphyry Carn Neddol, 5 miles 

west-south-west of Pwllheli. Dark grey felspathic base, 
including white felspar crystals, and a little hornblende, 
often decomposed. 

From the same mass as 127 and 130. 

132. — Felspathic greenstone. — Yr Eifl or the Rivals, 
Caernarvonshire. Map 75, N.W. Grey and white crys- 
tallized felspar, with small hornblende crystals diffused 
through the mass. 

1 33. — Felspathic greenstone. — Pink felspar with 
crystals of white felspar and hornblende. Hornblende more 
abundant than in No. 132. 

From the same locality as No. 132. 

134. — Greenstone. — ^Penmaen-mawr, between Conway 
and Bangor, Caernarvonshire. Map 78, S.E. Intimate mix- 
ture of felspar and hornblende, the felspar predominating. 

135. — Greenstone. — 4^ miles south-west of Clynog 
fawr, Caernarvonshire. Map 75, N.W. Finely granular 
mixture of pink and transparent white felspar crystals 
and small crystalline particles of hornblende. 

From the same rock as 120. 

136. — Felspathic Gbebnstonb.— P en-ar-fynydd, Smiles 
east of Aberdaron, Caernarvonshire. Map 76, S. Greenish- 
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^ey feUpar {‘^mewhat decoi^posed), vith black h<»ii- vmik 
blende and white felspar crystals. Largely crystalline 
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structure. 

From the same mass as No. 128. 

137. — Greenstone. — Half a mile south-west of Clyuog 
fawr, Caernarvonshire. Map 75, N.W. Dark greenish- 
grey felspathic base, with a few white felspar and large 
platy black hornblende crystals. 

Small boss of intrusive rock on the coast. 

138. — Greenstone. — Gymblet Kock or Carreg-y-rhim- 
bill, Pwllheli, Caernarvonshire. Map 75, S.W. Blackish- 
green finely granular rock, composed of dark -green horn- 
blende and some white felspar crystals. 

139. — ^Felspar porphyry. — ^Bwlch-mawr, 1-^ mile south* 
east of Clynog fawr, Caernarvonshire. A kind of greenstone 
porphyry, composed of a black hornblende base, with simple 
and geniculated felspar crystals scattered through it. 

This rock is continuous with No. 129, and is a good 
example of the change in general character and composition 
which the same mass of rock exhibits. 

140. — Greenstone Porphyry — Tan-y-Graig, 1^ mile 
north north-east of Pwllheli, Caernarvonshire. Imperfect 
crystals of light green felspar in a black hornblendic base. 

From a mass, 4^ miles in length, intruded among the 
Caradoc or Bala beds, between Pwllheli and Plas dh. 

141. — ^PORPHYRITIC GREENSTONE Cam Fadryn, 6 miles 

west of Pwllheli, Caernarvonshire. Dark green granulai- 
hornblendic base, containing crystals of felspar. 

From a continuation of the same mass as Nos. 127, 130, 
and 131. These specimens show variations of character in 
the same mass in different localities. 

142. — Greenstone. — ^Llanfaglan, about 11^ mile south- 
west of Caernarvon. Map 78, S.W. Large platy crys- 
tals of black hornblende, with pink, green, and grey 
felspar ; the latter mineral in less quantity than the 
former. 



iNTBcsms lOKsom socks. 


aot 

Vrm Vrom a mass about a mile in lei^& intruded among tbe 

143. — Gebei^stone. — ^P en-ar-fynydd, 3 miles east of 
Aberdaron, Caernarvonshire. Map 76, S. Large black 
hornblende crystals iiTegularly scattered through a white 
or brownish felspathic base. 

From the same mass as No. 136. 

144. — Geeenstone. — ^Pen*ar-fyiiydd,. 3 miles east of 
Aberdaron, Caernarvonshire. Large plates or scales of 
hornblende, with a very few small felspar crystals. 

From the same mass as Nos. 136 and 143. 

145. — Greenstone. — Llyn Cwm-y-ffynon, near the top 
of the Pass of Llanberis, Caernarvonshire. Map 75, N.E. 
Light green hornblende and white felspar crystals. Largely 
crystalline in structure. 

From an intrusive line of greenstone about a mile in 
length. Alters the slaty rocks with which it is in contact 
into hone-stone. 

146. — Greenstone. — Pont-y-Gromlech, Llanberis, Caer- 
narvonshire. Map 75, N.E. Similar to the last. 

From a mass of greenstone w^hich pierces the felspathic 
trap, Nos. 100 and 101, that underlies the calcareous ashes 
of Snowdon. (Section No. % above.) 

147. — Gkkenstone. — Llyn-Pen-Craig, 1^ mile north of 
Bettws-y-Coed, Caernarvonshire. Map 78, S.E. Con- 
sists of felspar and hornblende in distinctly crystallized 
fragments with slender crystals of felspar often traversing 
both of the other minerals. Felspar predominates. 

From a line of greenstone injected between beds of slate 
and felspathic ashes, equivalents of the calcareous ashes 

that form the top of Snowdon. 

* 

The greenstone rocks of Merionethshire and Caernarvon- 
shire chiefly run in lines, which, in many cases, have been 
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iiyected l^tween tiie bedB, or nearly so, as shown in the Ur^wi 
sections at the top of the case. At first sight, on the ground, - — 

they might often be supposed to be truly interbedded rocks, 
like the felspathic lavas of the same disti’ict, but their nature 
is easily distinguished by the circumstance that the rocks 
both above and below the greenstones are. altered, whereas 
only the beds on which the felspathic lavas lie are altered, 
those above them being quite unchanged. (See p. 177, 
and sections above.) 


Intrusive Rocks of Lower Silurian age, Breidden 

Hills, and of the Hills between the Stipkr Stones and 

Chirbury, Montgomeryshire and Shropshire. 

148; — Greenstone. — Breidden Hills, Shropshire. Map 
60, N.E. Black hornblende and white and greenisli 
felspar in small indistinct crystals ; containing some quantity 
of calc spar. 

From amass of greenstone intruded among Llandeilo flags 
that underlie the volcanic ashes, Nos. 42 to 46. 

149. — Greenstone. — Cefn. Dark grey or greenish 
felspar with small black hoimblende crystals. Mass 
slightly calcareous, seams of calc s])ar traverse it in 
places. 

From a small intrusive mass of greenstone by the turn- 
pike road, 3 miles north-east of Welshpool, Montgomery- 
shire. Map 60, N.E. 

150. — ^Felspathic trap. — Welshpool, Montgomeryshire. 
Map 60, N.E. Compact felspathic rock, with a few fel- 
spar crystals. 

This rock is columnar, and alters the Caradoc or Bala 
beds among which it has been intruded. 

151. — Greenstone. — Simmond’s Castle, near Bishops. 
Castle, Montgomeryshire. Map 60, S.E. Dark green 
hornblendic rock, with a few indistinct felspar and black 
hornblende crystals. 



UVPXE 

(▲LX.SBT. 

'iA«0Me4. 


21^ iHTnmxvvi books. 

From a line of greenstone 5^ miles in length, which has 
been injected in branches into beds of volcanic ashes and 
slaty rocks of the Llandeilo flags. 

152. — Greenstone. — Cross Roads, 1 mile south-west of 
Hyssington, Montgomeryshire. Map 60, S.E. Dark com- 
pact felspathic rock, with a few small hornblende crystals 
and kernels of calc spar. 

153. — Greenstone. — Corndon, 3 miles south-east of 
Chirbury, Montgomeryshire. Map 60, S.E. Green horn- 
blendic base, with light greenish felspar crystals. 

An intrusive boss of greenstone, forming a bold round 
hill in the Llandeilo flag region, north of Bishops Castle. 

154. — Greenstone porphyry. — Cefn Gwynnlle, near 
Bishops Castle, Shropshire. Map 60, S.E. White im- 
perfect felspar crystals and kernels of calc spar in a light 
green matrix ; also some strings of calc spar. 

A very felspathic greenstone running in a narrow line 
along the strike of the Llandeilo flags, into which it has 
been injected between the lines of bedding. 

155. — Greenstone amyodaloid. — ^Lower Ridge, 2 miles 
east of Chirbury, Shropshire. Map 60, S.E. Dark grey 
felspar and small black hornblende crystals, with a few 
large kernels of calc spar ; the mass of the rock slightly cal- 
careous. 

In a line similar to No. 154. 

156. — Greenstone. — South-east of Radley, and 2 miles 
east of Churchstoke, near Chirbury, Shiopshire. Map 60, 
S.E. White and greenish felspar and black hornblende. 
Mass of the rock somewhat calcareous. 

From a small boss of intrusive greenstone in the Llan- 
deilo flags. 

1 57. — Greenstone AMYGDAiiOiD. — Todlethr, Church 
Stoke, Montgomeryshire. Map 60, S.E. Greenish-grey 
felspathic rock, with cavities flll^ with small spheroids of 
calc Bpiur, coloured externally wiph. protqsUicate of iron. 

From the south end of the same mass as No. 15L 
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Series of Intrusive Rocks from the Llandeilo flags, 
Radnorshire, near Builth. 

158. — Greenstone amygdaloid. — Wellfield, IJ mile 
north-west of Builth, Brecon. Map 56, S.W. Fine 
grained green rock, with small white crystals, of felspar 
and many cavities filled with calc spar ; some of the outer 
ones, from which the calc spar has been decomposed, are 
lined with brown iron ore. 

From an intrusive branching mass, about 1^ miles in 
length. The porcellaneous alteration it produces on the 
Llandeilo flags is well seen on the banks of the river Wye, 
north-west of Builth. Unaltered Upper Llandovery or May 
Hill sandstone rests on its south-east margin, charged with 
Pentamerus ohlongus. The same is the case in the quarry 
behind Wellfield house. These Pentamerus beds here lie 
highly unconformably in the Llandeilo flags. For Penta- 
merus oblongus see 66, Case No. 41. 

159 . — Greenstone. — Garth, north end of the Carneddau, 
Radnorshire, near Builth, Brecon. Map 66, S.W. Crys- 
talline mixture of felspar and light and dark green horn- 
blende. Felspar predominates. 

From a mass 3 miles in length between Llanelwedd and 
the north end of the Carneddau. It is intruded among 
slates and felspathic ashes of the Llandeilo flags, but prin- 
cipally overlies them. See section above, No. 6 , rocks 
Nos. 159 to 163. 

160. — ^Vesicular felspathic trap, — The Rocks, Llan- 

degley, Radnorshire. Map 56, S.E. Yellowish-grey fel- 
spathic rock, filled with felspar crystals decomposing of a 
dark brown colour, ^ 

From an intrusive mass forming a bold hill called the 
Bocks. It seems like a bed of lava, having been intruded 
between the beds of slate, which have been altered both 
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Umat on its under and upper surface. Were it a true lava bed 
the rocks in contact with its upper surface would remain 
Wim-ca«e4. unaltered. 

161. — Greenstone. — Craig Quarry, near Llandegley, 
Radnorshire. Light green granulai* felspathic rock, with 
patches of white felspar and a few small hornblende 
crystals : quarried for building stone. 

From the north end of tlie same rocks as No. 160, near 
which they are overlaid by unaltered Weulock shale. 

162. — Greenstone. — South west of Bwlch-Llyn-fawr, 
near Llandegley, Radnorshire. Map 56, S.E. Dark 
blackish-grey rock, hornblende and felspar mixed, not dis- 
tinctly crystalline except near the outer surface, where the 
felspar crystals become apparent from decomposition. 

From a line of greenstone miles in length intruded 
between beds of slate. See horizontal sections, sheet 
No. 6. 

163. — Greenstone. — Carneddau, Radnorshire, near 
Builth, Breconshire. Compact dark green rock, with a few 
small crystals of felspar ; amygdaloidal structure, with 
large calc spar nodules. 

From the same mass as No. 159. 

164. — Greenstone. — Gaer Einon, Carneddau, 1^ mile 
north-cast of Builth, Breconshire. Compact black horn- 
blend ic rock, with a little felspar. 

From a boss, like an old volcanic neck, piercing Llandeilo 
dags, and felspathic volcanic ashes. 


Intrusi\"e Igneous Series, St. David’s, Pembrokesliire. 

165. — Felsi’athic trap. — Between Trewellell and 
Caerforiog, 3 miles north-east of St. David’s. Map 40. 
Bluish-green compact felspathic rock, with dark green 
stripes and small diffused crystals of iron pyrites. 

From a great mass of syenitic and felspathic rock 7 miles 
in length, intruded among and very much altering the 
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Cambrian slates, grits, and conglomerates. It extends 
from Forth Lisky, on the coast, 2 miles south-west of 
St. David’s, to Carn-ymyl, north-east of Llanhowel. 

166. — Claystone porphyry. — ^Porth-bynawyd, south 
coast, at the north-east angle of St. Bride’s Bay, St. David’s. 
Map 40. Yellowish-white felspathic rock, with black par- 
ticles of hornblende and white felspar crystals. Emits a 
strongly argillaceous odour. 

This rock is in places nearly granitic, and is probably 
connected underground with the granite which runs from 
Brawdy, by Hay’s Castle, to the neighbourhood of St. 
Lawrence. 

167. — Syenitic rock. — East side of Forth Lisky, 2 miles 
south-west of St. David’s. Felspar and quartz, with a 
light green hornblendic mineral. 

From the same mass as No. 165. 

168. — ^Amygdaloidal felspathic . trap. — Penmaen 
Melyn, opposite llamsey Island, 2^ miles south-west of St. 
David’s. Green felspathic rock, Avith kernels and crystals 
of pinkish felspar ; those near the outer surface browned by 
oxidation, or entirely removed. 

This rock belongs to a mass which, in general character, 
belongs to the greenstone family, and, like the neighbour- 
ing syenite of Forth Lisky, alters the Cambrian rocks so 
much that, on the ground, it is difficult to determine where 
the igneous rock ends and the altered rock begins. 

1 69. — Greenstone. — Fenmaen Melyn, St. David’s. 
Dark blackish-green conii)act honddende and felspar rock. 

170. — Cambrian ro('k, altered by Nos. 167 and 168.— 
Forth Lisky, St. David s. 

170a. — Cambrian rock, as above, — Fenmaen Melyn, St. 
David’s. 

In places these rocks have been so much altered that, like 
the rocks of Charnwood forest (p. 106), they have evidently 
been actually fused, or nearly so. Sometimes they become 
porphyritic, and exhibit crystals of felspar. See Nos. 83 
and 84, CesO 4;S« 
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eSSSn TRAP.— West side of Solva Harbour, St. 

' David’s. Dark bluish-grey felspathic rock, with small 
white felspar crystals. Outer surface bleached, with a 
pumiceous look. 

172. — Felspar porphyry. — Whitchurch, near Solva, 
St. David’s. Map 40. Greenish-grey and white felspar, 
the latter crystallized ; and a few small hornblendic ciystals. 

This rock occurs in four bosses north of St. Elvis. They 
are all of the same character, and very much decomposed on 
the surface. 

173. — Greenstone.— Solva, St. David’s. Light green 
matrix with white felspar crystals and small dark horn- 
blende crystals ; felspar predominates. 

Similar and belonging to the same set of rocks as No. 
171. Intruded in lines. 

174. — Greenstone. — West side of Forth Lisky, St. 
David’s. Compact dark green rock, composed of felspar 
and hornblende, rendered porphyritic by small black horn- 
blende crystals diifused through the mass. 

175 , — Greenstone. — ^Pen Berry, 3 miles north-north-east 
of St. David’s. Bluish-grey crystalline rock ; white fel- 
spar, and small dark hornblende crystals in about equal 
quantities. 

This begins a series of greenstone rocks, which occur in 
small bosses, and run in lines intruded between the beds 
between St. David’s Head and the country round Fish- 
guard. 

176, — Greenstone. — South side of Forth Melgan, near 
St. David’s Head. Dull bluish mass, fine grained horn- 
blende and felspar, with lai*ge crystals of greenish felspar 
and strings of felspar. Weathers to a reddish brown. 

1 77, — Greenstone. — West end of Cam Llidi, St. David’s. 
Light green felspathic base, with very small black horn- 
blende crystals. Weathers much whiter than 176. 

I78.i — G reenstone. — Cam Llwyd, 2 miles north of St. 
David’s. Finely ciystaUine white and dark greenish felspar 
with much hornblende in small black crystals. 
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179 to 183. — Greenstones of St. David’s Head. Fel- x;?fw 
spar and hornblende, showing the differences in size of 
the crystals of felspar and hornblende from the same mass 
of rock. Felspar, grey and white ; hornblende in cleaved 
plates and prismatic crystals. 

Bocks largely crystalline are presumed, generally, to have 
cooled more slowly than those more finely crystallized. 

1 84. — Greenstone abiygdaloid. — Tremyny dd range, 
from 3 to 4 miles north-east of St. David’s. Dull green fel- 
spathic base, with large black hornblende crystals and 
kernels of calc spar. 

A line of greenstone, about 2 miles in length, intruded 
between beds of Llandeilo slate. 


Series ov rocks illustrative of the alteration of 

THE Cambrian rocks of Llanberis, in contact with 

OR NEAR QUARTZ PORPHYRY, described at No. 124. 

185. — Quartz porphyry. — ^North-east side of Llyn 
Padarn, neai* Llanberis, Caernarvonshire. Map 78, S.E. 
Grey compact felspathic base, with interspersed quartz 
crystals, and a few crystals of felspar. (See No. 124.) 

186. -Cambrian grit, much altered. It was probably 
nearly in a state of fusion by heat, and is in close proximity 
to No. 185, into which it almost imperceptibly passes. 
Like No. 185, it contains granular quartz, which may 
either be grains of silica in the original grit, or attempts at 
crystallization in the silica of the altered mass. Locality as 
above. 

187. — Cambrian grit, talcose and felspathic, and con- 
taining numerous granules of quartz similar to tliose in 
No. 185, but less crystalline in form. This rock on the 
ground is a little further removed than No. 186 from No. 
185. Locality as above. 

188. — Cambrian conglomerate, altered, near No. 185, 
and a little further removed from it than No. 187. The 
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pebbles of the original conglomerate are indistinctly visible 
in a greenish grey felspathic looking matrix, full of granulai’ 
quartz crystalline grains. Pebbles and matrix are alike 
highly altered, arid the approach to absolute fusion has been 
so great that the foims of the pebbles seem to melt into the 
surrounding matrix, which, perhaps, was fused. Locality 
as above. 

189. — Cambrian conglomerate, a little further removed 
from No. 185. This rock is talcose. In general appearance 
it resembles No. 188, but the alteration produced is less 
extreme, and the component pebbles are somewhat more 
distinct. Locality as above. 

190. — Cambrian conglomerate. — A little further re- 
moved from No. 185 than No. 189. Base and pebbles both 
crystalline as above, but the alteration being less than in 
No. 189 the pebbles of the conglomerate begin to be dis- 
tinctly visible. Some of the pebbles iu*e of quartz, others 
of quartz rock containing granular crystals of quartz, and 
some of felspar. Some of them seem made of felspar por- 
phyry, and others are of green and purple slate similar to 
that of the neighbouring slate quarries of Llanberis and 
Penrhyn. The conglomerate is, however, at the base ot 
the series in which the slate quames arc worked, and the 
l)ebbles have been derived from an unknown older territory, 
similai’ in structure to the Cambrian and Silurian rocks of 
Caernarvonshire. Locality as above. 

191. — Cambrian conglomerate. — Locality as above. 
Further removed and less altered. The pebbles in their 
original fonn are now distinctly visible. The base, from 
alteration, is still porphyritic and contains numerous im- 
perfect ciystals of felspar and granular quartz. 

For the geological general position of these rocks see 
Sections above, No. 1 and «. The altered rocks are marked 
Nos. 186 to 191. 

192. — Coarse Cambrun grit, or Jine conglomerate^ 
somewhat talcose, consisting of numerous grains of silica, 
sometimes blue and transparent. Also small pebbles of 
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quartz rock. North-east side of Liyn Peris, near Llanberis, 
Caernarvonshire. Map 78, S.E. 

This is the usual appearance of the Cambrian grits in 
this neighbourhood in a comparatively unaltered form. It 
is placed in this collection to show the extreme amount 
of alteration which the rocks numbered 186 to 191 have 
undergone. 


Greenstone dykes, piercing intrusive and igneous rocks, 

of Llyn Padarn, and the Cambrian slates and grits 

above it. 

193. — Greenstone. — Llyn Padarn, south-west side, near 
Llanberis, Caernarvonshire. Dark green, finely crystallized, 
hornblende and felspar mass, with interspersed radiated 
nests of epidote. It pierces No. 185. 

194. — Greenstone. — South-west side of Llyn Padarn, 
Llanberis. Dark green rock ; felspar and hornblende finely 
crystallized, with large interspersed patches of felspar. It 
pierces No. 175. 

195. — Greenstone. — South-west side of Llyn Padarn, 
near Llanberis. Light green felspathic base, with horn- 
blende crystals and veins of fibrous hornblende {asbestosy 
It pierces No. 185; 

196. — Greenstone. — South-west side of Llyn Padarn, 
Llanberis, Caernarvonshire. Fine grained dark green rock, 
composed of hornblende and felspar^ with kernels of calc 
spar. It pierces No. 185. 

197. — Greenstone. — North-east side of Llyn Padarn, 
below slate quarries, Llanberis. Compact dark green rock 
with large stripes of epidote and quartz. 

These dykes. No. 193 to No. 197, run in narrow lines, 
indiscriminately piercing the quartz porphyries and Cam- 
brian and Silurian rocks of Llanberis. They are, however, 
probably of much later date than the large intrusive masses 
and the Lower Silurian traps and ashes ; and containing 
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cleaved fr^inents of slf^, which they pierce 
— ' (at Penrhyn quarries), they have perhaps all been intruded 
Waii«oew4. those disturbances which contorted all the rocks of the 
country, and during which the cleavage yas produced by 
mechanical pressure. 


waii<»e 5 . WaJl-case 5. 

Arranged and described by H. W. Bristow. 

h — Curling stone. Used in Scotland in playing the 
national game of curling^ which is practised upon the ic 
during the winter. 

'riie stone is made of the rock of Ailsa Craig in the Firth 
of Clyde. Ailsa Craig consists of a single rock of greyish 
compact felspar, with small grains of quartz and very 
minute particles of hornblende. — Presented by the Royal 
Commissioners of the Great Exhibition of 1851. 

Serpentine, Djallage, &c. 

Serpentine is a silicate of magnesia combined with water, 
with the addition of a minor proportion of oxide of iron. 

Some serpentines are said to be intrusive igneous rocks. 
Tlie serj)entiue of the Lizard district in Cornwall reposes on 
hornblende slates and rock, and is said to have been erupted 
previously to the granite of the same district, the fonner 
being traversed by veins of the latter. 

(For details of the Serpentine and associated rocks of 
Cornwall, see “ Report on the Geology of Cornwall,” De la 
Bechc, pp. 9 to 100, 473 to 499, and 500.) — H. W. Bristow. 

Serpentines are, however, often true metamorphic rocks, 
good examples of which occur in Anglesean where thin 
streaks of Serpentine are truly interlaminated in the foliated 
rocks, and even the larger masses possess a wavy structure 
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undulating in the direction of the foliations of the country, 
proving their metamorphic origin. Probably all serpentines 
are metamorphic. See p. 97. — A. C. Ramsay. 

[Nos. 2, 3, and 4, are at present omitted until illustrative 
specimens can be procured.] 

5. — G-reen serpentine. Map 31. — Penare Barn, Very an, 
Cornwall. 

6 and 7. — Red and green serpentine. Map 32. — 
Kynance Cove, Lizard, Cornwall. 

8. — Red and green striped serpentine, with a few 
minute cracks filled with steatite . Map 32. — Cadgwith, 
Lizard, Cornwall. 

9. — Dark green and red serpentine, showing a wea- 
thered surface. Majj 31. — Carnhalla, Porthalla, St. Keverue, 
Cornwall. 

10. — ^l^OLisiiED RED SERPENTINE, Containing a few dis- 
seminated crystals of diallage . Map 32. — Kuan Minor, 
Lizard, Cornwall. 

11. — Red and green serpentine, with steatitic lines 
and disseminated crystals of diallage . Map 32. — Near 
Ruau Minor Church, Lizard, Cornwall. 

12. — Olive-green serpentine, with red veins and occa- 
sional crystals of diallage . Map 32. — Flagstatf, Cadgwith 
Lizard, Cornwall, 

13. — Red and green serpentine, with a small quantity 
of diallage in disseminated crystals ; from a vein in serjien- 
tine. Map 32. — Flagstaff, Cadgwith, Cornwall. 

14. — Olive-^-^een and red serpentine, with a few ciys- 
tfils of diallage and veins of steatite . Map 32. — Flagstaff, 
Cadgwith, Cornwall. 

15 and 16 . — Green and red serpentine, with veins of 
teatite and a small quantity of diallage . Map 32. — Flag- 
staff, Cadgwith, Cornwall. 

17. — Green and red serpentine, with a vein of stea - 
tite . Map 31. — Treraboe, Goonhilly Downs, Lizard, 
Cornwall. 

18. — Dark green and red serpentine, with dissemi- 
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Upper 

Gii^t. rated crystals of diallage^ and a few veins of steatite, 
Wall-ca«e 5 . Map 32. — Trezoddern, Ruan Minor, Lizard, Cornwall. 

19. — Dakk heddish-brown serpentine, with a few. 
small crystals of diallage. The specimen exhibits a wea- 
thered surface. — ^Maeii Midgee, Kernick Sands, Lizard, 
Cornwall. 

20. — Dark green and red serpentine, containing 
disseminated crystals of diaUage, — The specimen exhibits a 
weathered surface. Map 32. — Black Head, Lizai’d, Cornwall. 

21. — Green and red serpentine, with a few crystals 
of diallage ^ and a weathered surface. — North of Poltreath, 
Lizard, Cornwall. 

22. — Green serpentine, with a few crystals of diallage, 
— Careglooz Point, St. Keverne, Cornwall. 

23 and 24. — Dark green serpentine, with a few minute 
cracks filled with steatite. Map 31. (This serpentine 
rises through hornblende slate and greenstone). — Porthalla, 
St. Keverne, Cornwall. 

25. — ^Liglit green skrpentinous rock, showing a wea- 
thered surface and containing small cracks filled with 
steatite; from the outer portion of the mass. Map 31. — 
Porthalla, 8t. Keverne, Cornwall. 

26. — Reddish-brown serpentine, witli a few crystals of 
diallage and veins of steatite, — Down as Cliff, St. Keverne, 
Cornwall. 

27. — Sekpentinous rock, with a schistose structure. — 
Treraboe, Goouhilly Downs, Cornwall. 

28. — Dark reddish-brown serpentine, witli a schistose 
structure. — Treraboe, Goonhilly Downs, Cornwall. 

29. — Dark red and green serpentine with disseminated 
crystals of diallage and a eins of steatite, — Downas Clifl^ 
St. Keverne, Cornwall. 

30. — ^Part of a vein of steatite, polished, and contain- 
ing large angular fragments of green serpentine. Map 32. — 
Lizard, Cornwall. Presented by Lieut. Brewer, R.N. 

31. — Serpentine, with veins of asbestos, — Tredavoe, 
Goonhilly Downs, Cornwall. 
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32. — Diallage rock, from a vein traversing greenstone. Upper 

— Coast near St. Keverne, Cornwall. Gamby. 

33. — Djallage rock. Map 32. — Coverack, Lizard, ® 

Cornwall. 

34. — Diallage rock, composed of crystals of diallage 
disseminated in a base of serpentine ; used for ornamental 
purposes, chimney-pieces, &c. Map 32. Sec ‘‘ Report on 
Cornwall,” p. 499. — Cadgwith, Cornwall. 

35 and 36. — Diallagk rock. Map 78, N.W. — Ceryg- 
moelion, Anglesea. 

37. — Green serpentine, with diallage. — Ceryg-moelion. 

38. — Green serpentine, with white calc spar. — Ceryg- 
moelion, Anglesea. 

39. — Light green serpentine. — Anglesea. 

40. — Green compact serpentinous rock. — Ceryg- 

moelion, Anglesea. 

41. — Light green serpentinous rock. Map 78, N.W. 

— Near Four Mile Bridge, Anglesea. 

42. — Compact serpentine rock. Map 78, N.W. — Llan- 
fechell, Anglesea. 

43. — Green serpentine, tvith steatitic veins. — Llanfe- 
ehell, Anglesea. 

44. — Green serpentine, with apparently a schistose 
s tru c t ure. — Llan fechell, An glesea. 

45 — Green serpentinous rock, with apparently a 
schistose structure. — Llanfechell, Anglesea. 

The schistose appearance of specimens 44 and 45 is 
owing to the presence of minute steatitic veins, in the direc- 
tion of which the rock is most easily broken. 

46. — Green serpentinous marble, with numerous veins 
of white calc spar. Map 78, N.W. — ^Ceryg-inoelion, An- 
glesea. 

47. — Serpentinous rock {marble). — Ceryg-moelion, 
Anglesea. 

48. — Reddish serpentinous marble with fragments of 
slate and numerous veins and lines filled with white calc 
spar. — Llanfechell, Anglesea. 





(^SS^ 49i!aid 50.— Corapiwt serpentinoub bbecciatJed marbee, 

~ ’ with lines of white calc spar . — ^Tre-gela^ near Llanfechell, 
Anglesea. 

51. — Sebpentinous breccia marble. Map 78, N.W. — 
Pen’r allt, Llangefni, Anglesea. 

52 and 53. — Reddish sebpentinous breccia, with frag- 
ments of purple slate and lines and veins of white calc 
spar, — Llanfechell, Anglesea. 

54. — 8eBi'entinous breccia, composed of fragments of 
dark greenish serpentine cemented with veins of steatite, 
— ^Llanfechell, Anglesea. 

55. — Green serpentine, with numerous veins of steatite 
and calc spar, — Llanfechell, Anglesea. 

56. — Compact brecciated serpentinous marble. — ^Llan- 
fechell, Anglesea. 

57. — Serpentinous breccia. Map 78, N.E. — Tyddyn 
dii, one mile south of Amlwch, Anglesea. 

58. — Elvan {felspathic trap), containing fragments of 
serpentine, with included crystals of diallage and a few' 
steatiHc lines. — From the Serpentine Quarry, Llanfechell, 
Anglesea. 

59. — Green serpentinous brecxjia, of Cambrian date, 
traversed by a line of calc spar. Map 75, N.W. — Forth 
Dinlleyn Head, Caernarvonshire. 

60 and 61. — Green serpentinous rock, with veins of 
calc spar and subangular patches of red jasper. — Forth 
Dinlleyn, Caernarvonshire. 

62 to 64. — Green serpentinous rock, with a few veins 
of calc spar, — Forth Dinlleyn, Caernarvonshire. 

65. — Altered rock, occurring in serpentine Anglesea, 
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Wall-oaBes 6 and 7. 

loNEOTO Rocks op various Kinds. 

Preliminary Remarks by A. C. Ramsay. 

The rocks in these cases ai’e in common geological nomen- 
clature all considered igneous. They are arranged litho- 
logically^ or according to their structure and composition^ 
and without reference to their geological ages. As near as 
possible, they follow each other so as to show the manner in 
which igneous rocks merge^ or show a tendency to merge^ 
into each other. 

Nos. 1 to 4 show familiar examples of the minerals of 
which GRANITE is composed, viz., quartz, felspar, and mica. 

Nos. 5 to 25 exhibit different varieties of granite, a 
ternary (or triple) compound of the above minerals. The 
specimens from 5 to 9 are gre^/ granites, and show a passage 
from largely crystalline to the finer grained varieties. Nos. 
10 to 21 are reddish granites, the red tint being due to the 
colour of the felspar. They also show similar differences 
i n the size of their component crystals. 

Nos. 22 to 25 are other ordinary varieties. Nos. 26 to 34 
are from the outer portions or margins of certain granitic 
masses, and contain a fourth mineral, viz., schorl (see 
p. 228), which also enters into the composition of many of 
the granitic porphyries and other specimens. From 35 to 
56 Jill the specimens are schorlaceous, and exhibit the 
gradual increase of that mineral, till, from 59 to 63, it pre- 
dominates, and they are teimed schorhrock. 64 and 65 are 
pure schorl, and 66 shows the manner of its occurrence in 
a vein in granite. 

Nos. 67 to 74 are from granite veins or dykes, most of 
which traverse other masses of granite. They are generally 
fine-grained, that is to say, their crystals are small. 

Nos. 75 to 114, with a few exceptions, are chiefly from 
JElvan dykes and dykes of felspar porphyries, and other 
reeks of like nature. Many of these, if not true granites, 
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are of a granitic nature. They are generally characterized 
by an absence of mica. Many of them are porphyritic. 
Being dykes, from the smallness of their masses, they 
probably cooled with comparative rapidity, radiating heat 
into the rocks which they traversed. Hence their com- 
ponent substances have not had time to crystallize out 
separately in the manner of those in true granites, although 
their general composition is the same. 

115 to 118 are specimens of granitic veins^ traversing 
other largei’-grained granites, and slates which are invariably 
altered at the points of junction. (See pp. 99 — 103.) 

120 to 123 are specimens of decomposing granite and 
felspar trap, from the felspar of which china clay is derived. 
(See porcelain Case near Case 3, in the floor below.) 

124 to 139 nve felspathic traps of various kinds. Most 
of them are uncry stallinc, as, for instance, 125 ; others are 
slightly porphyritic (136 and 137). Some are exceedingly 
felspathic, like 126 ; and others contain much associated 
silica, like 125. 

142 and 144 to 146 are syenitic granites, that is to say, 
they contain a little hornblende, in addition to the other 
minerals. 

143 is a schorlaceous syenite, and 148 to 152 are true 
SYENITES, being composed of felspar, quartz, and horn- 
blende. This prepares the way for a passage into hornblendic 
GREENSTONE, by the disappearance of the free silica or 
quartz. Typical hornblendic greenstone consists of felspar 
and hornblende. Nos. 155 to 174 show these minerals 
distinctly crystallized in the rock. From 175 to 214 most 
of the specimens are fine-grained, that is to say, the crystals 
are either very small, or else they present no appearance of 
crystallization at all. 215 to 217 are hornblende rocks, 
being formed entirely of hornblende. 

220 to 235 are from Devonshire, and placed so as not to 
separate them from the Cornish and Devon series above. 
They ore otherwise not especially connected with the pas- 
sage of the various kinds of rock into each other. They 
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are strictly volcanic products, of the date of the Carboni- 
ferous rocks, and may be advantageously compared with 
some of the specimens in CaSOS 1 and 2. 

Nos. 236 to 255 are chiefly vesicular traps and amygda^ 
loids. In some the vesicles are empty, in others they are 
filled with calcareous spar, quartz, or other bodies, generally 
crystalline, which have been slowly filtered into the cavities 
in solution. (See No. 236, p. 255.) 

The remainder of the specimens on the lower shelf of 
this case are chiefly Canadian. The upper shelf contains a 
few specimens, mostly duplicates, and generally too large to 
go in their proper places below. 
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Wall-cases 6 and 7 . 

Arranged and described by 11. W. Bristow. 

1. — Hexagonal crystals of translucent quartz {rock-- 
crystal; nearly pure silica) on greenstone. —Penrhyn Slate 
Quarries, Caernarvonshire. Presented by Dr. Percy, F.K.S. 

2. — Milky quartz. — Snowdon. 

3. — Felspar {silicate of alumina and potash), a large 
tabular crystal on granite. — Huel Damsel, Gwennap, Corn- 
Avall. 

4. — Mica in foliated plates, forming a dyke 12 feet wide, 
traversing granite at St. Dennis Consols, near St. Austell, 
Cornwall. Presented by K. Hunt, F.R.S. 

The above specimens are placed here to show the appear- 
ance of quartz, felspar, and mica, the minerals of which 
typical granite is composed, 

5. — ^Large graineo granite, a ternary compound, mado 
up of large crystals of white felspar, translucent quartz 
{free silica), and black and silvery mica, the latter com- 
paratively rare. — Lundy Island. 

6. — Granite composed of two varieties oi felspar (white 
and flesh-coloured), the former with a tendency to form 
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crystals ; black mica (some in good crystals) and 
GALiiitttY. quartz, — Bars Oban, Argyleshire. Presented by the Mar- 
Wali-cu68 Breadalbane. 

6 and 7. 7 — Grby GRANITE, composed of translucent quartz^ crys- 

tals of white felspar and black and silvery mica, — Dalkey, 
Dublin. 

8. — ^Grey GRANITE, Composed of crystals of white felspar 
{orthoclase\ much black mica and quartz, — Strontian, 
Argyleshire, 

9. — Grey granite, a ternary compound, in nearly equal 
proportions, of orthoclase (white potash felspar\ black mica^ 
and quartz, — Aberdeen, Scotland. 

10. — Red granite, a ternary compound of two varieties 
of felspar (white and flesh-coloured)^ quartz,, and a small 
quantity of mica. Presented by the Duke of Argyle. 

11. — Red granite, composed of two varieties of felspar 
(white and flesh-coloured), quartz and mica. 

Extensively used as a building material ; the steps at the 
entrance of the Museum in Jennyn-street are of this granite. 
— Peterhead, Aberdeenshire. 

12. — Red granite, composed of two varieties of felspar 
(white and flesh-coloured), mica and quartz. In the speci- 
men the felspar constitutes the predominant ingredient, 
while the mica is comparatively scarce. — Blackhill, Stirling- 
shire. 

13. — Granite, composed of quartz, flesh-coloured felspar, 
and black mica. This specimen shows the general character 
of the mass of granite which extends, north and south, from 
Camelford to St. Neotts and St. Cleer, and east and west 
from St. Breward and Blisland to Five Lanes and Tre- 
bartha. (See Geological Maps, 25 & 30.) In some places 
the granite is porphyritic, containing large crystals of 
felspar, and, occasionally, on the skirts of the mass it is 
schorlaceous, containing schorl, which often appears in 
little radiated bundles in the granite. The highest point 
of this mass of granite is the rocky hill named Brown 
Willy, 1,368 feet above the level of the sea, according to. 
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the Orduance Survey. This mass of granite varies, os 
usual, in diSerent places, affording fine building stones in 
several localities, more particularly at St. Breward and 
Blisland. — Rough Tor, near Camelford, Cornwall. 

14. — Granite, composed of two varieties of felspar 
(white and light brown), the former with a tendency to 
form separate crystals ; common black mica and some siU 
very mica in foliated plates, and quartz. — St, Mary’s Isle, 
Scilly Islands. 

15. — Granite, composed of two vai-ieties of felspar , 
white and light brown, the foiiner with a tendency to crys- 
tallize separately — quartz and dark-coloured and silvery 
mica. The specimen shows a weathered sui’face of quartz 
and white felspar, from the decomposition of the mica and 
brown felspar. — Trescoe, Scilly Isles, near Oliver Crom- 
welfs monument. 

16. — Granite, composed of quartz^ felspar^ and two 
varieties of mica^ black and white. It belongs to the mass 
of granite noticed. No. 13. Used for building. Map 30. — 
Camelford, Cornwall, 

17. — Fine-grained granite, composed of quartz^ flesh- 
coloured felspar^ and black mica. Used for building. — 
Guernsey. 

18. — Fine-grained granite. — QuartZy felspar ^ andfi/oc/fe 
mica. The si)ecimen shows a weathered surface and is ap- 
parently decomposing throughout. — ^Bryers, Scilly Isles. 

19. — Small-grained granite.— Q warte, flesh-coloured 
felspavy and mica, both black and silvery. — St. Mary’s, 
North End, Scilly Isles. 

20. — ^Fine-grained granite, part of a vein traversing 
serpentine. Map 32. — Poltesco, Lizard, Cornwall. (“ Re- 
port on Devon and Cornwall,” p. 173.) 

21. — Fine-grained granite (very micaceous). This 
specimen shows a weathering surface of a ferruginous- 
brown colour, owing to the decomposition of the felspar. 
Map 31. — Near Tolvorn Passage, Falmouth Estuary, 
Cornwall. 
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22. — ^Fine-grained granite, composed of quartz^ feU 
spar, and black and silvery mica. — Strontian, Argyle- 
shire. 

23. — Fine-grained granite. — Quartz, felspar, and black 
mica. — Strontiaii, Argyleshire. 

24. — ^Fine-grained granite Quartz, felspar (some- 

times with a tendency to form larger separate crystals), and 
much black mica. — Strontiau, Argyleshire. 

25. — Fine-grained (iiiANiTic rock, composed of 
quartz, and silvery mica. — Pains Bridge, near Warleggon, 
Cornwall. Map 30. Forms a projecting granite point, 
apparently thrust in amongst the adjacent slates. Might 
be usefully (‘m ployed for architi^ctural purposes. 

26. — Granite. Quaternary compound, composed of 
felspar (two varieties), light brown and white; quartz, 
7nica (two varieties) black and white, and a small quantity 
of schorl. — Near Giant’s Puncli Bowl, St, Agnes, Scilly 
Jsles. 

Schorl contains about 10 per cent, of boracic acid, 39 of 
silica, 31 of alumina, a variable quantity (4 to 12 per cent.) 
of protoxide of iron, 2 to 9 of magnesia, with a few other 
subordinate substances, as lithiii, soda, and potash. (Her- 
mann.) 

TJie researches of Ebelman pro^ e that boracic acid, at a 
high temperature, acts like Avater as a solvent Avith regard 
to other substanc(»s. 

Hence, if boracic acid be used as a solvent, a portion 
Avould be removed at a considerable heat, Avhile other por- 
tions of the substances held in solution by it, would crys- 
tallize. It is on account of this easy removal of boracic 
acid at high temperatures, that the scliorlaceous portions of 
rocks are principally situated' on the outer part of the main 
mass ; and that the skirts of masses of granite are more 
schorlaceous than the more central portions. 

27. — Granite, composed of much silvery mica, quartz, 
felspar, and schorl. Map 33. — Tregender, near Ludgvan, 
Cornwall. 
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28. — Small-gkained granite, composed of quartz^ 
felspar^ mica^ and schorl. Map 33. — Castle an Dinas, 
Cornwall. 

29. — Granite, composed of much felspar ^ forming sepa- 
rate crystals ; quartz^ also with a tendency to form separate 
crystals ; a little mica^ and a small quantity of schorl. 
Map 33. — Near 8t. Hilary, Cornwall. (See “Keport on 
Geology of Cornwall,” p. 175.) 

30. — Granite on the side of a tin lode, and composed of 
felspar in a det^omposing state, quartz with a tendency to 
crystallize separately, a green steatitic mineral^ a small 
quantity of silver q mica., and a little schorl. Map 31. — 
Beam Mine, Cornwall. 

31 . — Granite, composed of quartz.^ mica., schorl^ and 
felspar. 

The hill on whicli St. Dennis Churcli stands, constitutes 
an island of granite, varying much in its miiieralogical 
structure, and forming a nmiarkable boss on the skirts of 
the riensbaiTow granite. Map 30. — St. Dennis’ Hill, 
Cornwall. 

32. — Granite, composed of quartz^ white felspar^ fonn- 
ing large separate ciystals, black mica., and a little silvery 
mica, with a small quantity of schorl. This forms tlie main 
mass of the rock, the skirts of wdiicli, adjoining tlie slate 
district, is schorlaccous. Maj) 30. — Penvivian Hill, near 
Bodmin, Cornwall. 

33. — Granite, highly crystalline, coiDpos(*d of two 
varieties of felspar, light-brown and r(*ddish-brown, (the 
latter forming separate* crystals,) with quartz, silvery mica, 
and a small quantity schorl. Map 31. — Huel Damsel, 
Gwennap, Cornwall. 

34. — Fine-grained granite, composed quartz, felspar, 
and a green steatitic mineral, with a small (piantity of schorl. 
Map 31. — Burthy Quarry, hear St. Stephens, Cornwall. 
(See ‘‘Report on Cornwall,” p. 185.) 

35. — Granite (granitic porphyry), composed of crystals 
of ' quartz, schorl, mica, in a quartzo-felspathic base. 
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Forms part of a granitic dyke, extending towards the east. 
(See Geological Map, No. 30.) 

Is employed for roads, for which it is a good material, 
and might be used for ornamental purposes. — ^Near Lower 
Woodley, Lanivet, Cornwall. 

36. — ^PoRPHYRiTic GRANITE, lai'ge Crystals of light flesh- 
coloured felspar^ in a quartzo-fel spathic base, with a small 
quantity of schorl. Map 33. — Bossullow Down, Morvah, 
Cornwall. 

37. — Granite, composed of felspar^ with a tendency to 
form separate crystals, quartz^ schorl^ and mica. Map 33. 
— Rosemodris, St. Buryan, Cornwall. 

38. — Granite, composed of two varieties of felspar 
(white and light brown), quartz^ schorl^ and mica (the latter 
scarce and small). Map 33. — KnilFs Monument, St, Ives, 
Cornwall. 

39. — Granite, chiefly composed oi, quartz^ light-coloured 
felspar^ a little black mica^, with disseminated crystals of 
roseate and white felspar y and a few specks o£ schorl, (See 
‘‘Report on Cornwall,” p. 162.) Map 31. — Cligga Point, 
Cornwall. 

40. — Fine-grained granite, composed of white felspavy 
quartz, schorl, and silvery mica. The granite from which 
the specimen is taken forms pai’t of a dyke extending east 
and west across the southern side of Belovely Beacon, 
through (yustle Downs to Higher Rosewastes, near St. Co- 
lumb Major. (See Geological Map, No. 30.) The felspar 
of this dyke is occasionally liable to decomposition in parts 
of its counse, especially near the little village under Castle 
an Dinas, where it resembles a white clay containing 
quartz and a little mica. — ^Belovely Beacon, Cornwall. 

41. — Granite, composed of white felspar (some in large 
crystals), translucent quartz, schorl, and black mica, 
Fonns a portion of the Hensbarrow mass of granite. Map 
30. St. Dennis Down, St. Dennis, Coniwall. (See 
“ Report on Geology of Cornwall,” p. 160.) 
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42. — Granite, composed of two varieties of felspar {light 
flesh-coloured and white), mica, two varieties {black and 
white), quartz, and schorl, the latter in small quantity. 
Map 33. — Near Penzance, Cornwall. 

43. — Granite, composed of quartz, white and flesh- 
coloured felspar, and silvery mica. This granite forms a 
mass which rises through a system of slate beds, having an 
east and west strike, and seen to be fossiliferous, near New 
Quay. The slates are much altcTed around this granite, 
which is schorlaceous along its northern boundary. This 
rock might be advantageously employed for pur])oses in 
which granite is used ; large blocks of it are scattered over 
the northern flank of Belovely Beacon. Passes into No. 63. 
Map 30. — Belovely Beacon, near lioche, Cornwall. 

44. — Fine-grained granite, composed oi quartz, schorl, 
and much sUvr^^y mica. Map 25, — Dartmoor, Devonshire. 

45. — G/ .^TE, a base of quartz and felspar, containing 
large cr; .als of felspar (in a decomposing state), and semi- 
crystallized quartz, with schorl, a green steatitic mineral, 
and a little mica. (vSee ‘‘ Report on Cornwall,” p. 162.) 
Map 31. — West side of St. Agnes Beacon, Cornwall. 
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46. — Large-grained granite, composed of highly crys- 
talline with ichite felspar (also in crystals), 

schorl, quartz, and a little black mica. Map 33. — Trink 
Hill, near St. Ives, Cornwall. 

47. — PoRPiiYRiTic SCHORLACEOUS GRANITE, Composed of 
large well-defined crystals of flesh-coloured, felspar and 
semi-crystalliiu? quartz, in a base of hdspar and quartz, 
with a few specks of schorl. (See “Report on Cornwall,” 
p. 162.) Map 31. — West side of St. Aginjs Beacon, 
Cornwall. 

48. — Schorlaceous granite, composed of a small- 
grained mixture of felspar and quartz, with disseminated 
portions of schorl, and a little mica. 

This rock cuts the gi'eat mass of the granite in the 
manner of an elvan dyke, and holds a north-western course 
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gSiSSy Chapel Cam Brea. Map 33. — ^Mayon 

— * or Mean, near the Land’s End, Cornwall. 

6 ftnd?r 49 . — Schorlaceous granite, composed of felspar^ 

quartz^ silvery mica, and schorl. — Peiivivian Hill, near 
Bodmin, Cornwall. 

50. — Schorlaceous granite, composed of schorl, dark 
flesh-coloured felspar (some in crystals), and quartz, the 
latter somewhat rare. 

This is a variety of the schorlaceous granite of the 
boundary portions of Peuvivian Hill, which, with some of 
the other varieties, might be employed for ornamental 
purposes. They could easily be obtained in large masses. 
Map 30. — Peuvivian Hill, near Bodmin, Cornwall. 

51. — Granite, a compound of schorl, quartz, silvery mica, 
and felspar. It constitutes an outer portion, in a noi’th- 
western direction, of the great Heusbarrow mass of granite, 
and exhibits the j)assage of the more ordinary kinds of 
granite of the district into schorl rock, upon which repose 
the altered schistose beds. The rock itself is situated on 
the southern part of Fat Work Hill, and from its elevated 
position forms an object visible from a large portion of 
country in a western dii*ection. 

There is a considerable mineralogical variation even in 
the mass of Caryquoita rock itself, illustrative of the gri*at 
changes to which I’ocks of this kind are subject. Map 31. — 
Caryquoita Kock, jiear St. Enoder, Cornwall. 

52. — Granite, composed of schorl, flesh-coloured felspar 
(some in large crystals), quartz, and black mica . — St. Brc- 
lade’s quarry. 

— Granite, composed of schorl, quartz, and felspar, 
and much silvery mica. — ^Above St. Martin’s Bay, St, 
Martin s, Scilly Islands. 

54. — PoRPHYKiTic GRANITE, Composed of imperfect ci^ys- 
tals of light flesh-coloured felspar, in a quartzo-schorlaceous 
base, with a few minute spots of silvery mica. Map 3 1 . — 
From the skirt of the Carmarth granite, near St. Day, 
Cornwall. 
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55 and 56. — Porphyritio schorl-rock, composed of 
quartz and schorl. 

The rock from which the specimen is taken contains large 
crystals of felspar. In some parts of it, as is the case in the 
specimen described (No. 56), the felspar crystals have been 
removed by decom])osition, and the cavities filled by crys- 
tals of schorl crossing each other in various directions. In 
such cases the schorl-rock base adjoining these refilled, or 
nearly refilled, cavities, contains less schorl than around 
the crystals of felspar which have not been decomposed, as 
may be seen in the si)ecimeu. (See “Report on Cornwall,” 
pp. 160 and 161.) Map 33. — From the skirts of the granitic 
mass close to Trevalgan, ncjir St. Ives, Cornwall. 

57 and 58. — Schorl-rock, composed of a small-grained 
mixture felspar and translucent quartz^ with larger dis- 
seminated portions and lines of schorl^ traversing granite in 
the manner of a dyke (elvan course), and holding a nortli- 
westt*rn course towards the w<‘st of Chaixd Caim Br(‘a. 
(See “Report on Cornwall,” p]). 174 and 175.) Map 33. — 
Mayon or Mean, near th(‘ Land’s End, Cornwall. 

59. — Schorl-rock, formed of nearly equal parts of schorl 
and quartz^ and containing larger detached portions of the 
latter. This rock forms part of an elongated east and west 
mass on the north of Belovely Beacon, and is separated 
fj'om the lattei- by an intcnwal of altered slate, though pro- 
bably it is connected with the granite and schorl-rock of 
Belovely Beacon, at a comparatively insignificant depth. 
Map 30. — Small Money, Belovely Beacon, Cornwall. 

60. — Schorl-rock, an equal mixture of schorl and quartz^ 
with occasionally included larger portions of the latter. It 
Ibrms part of the schoi'laceous granite of tin* line and mass 
noticed below, No. 61. Map 30. — Penviviau Hill, near 
Bodmin, Cornwall. 

61. — Schorl-rock, schorl and quartz in nearly equal 
proportions. — Roche Rock, Roche, Cornwall. 

This rock evidently forms a portion of the gi’anitic mass 
on the south of it, and of which Hensbnrrow (1,034 feet 
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level of the mo) forms the highest part. The 
— ‘ skirts, generally, of this mass of granite from Penvivian 
Hill, round by the Indian Queen Inn (Map No. 30), are 
flchorlaceous. It is remarkable, also, that the granitic veins 
and dykes (elvan courses) of the neighbouring country, 
and which may readily be supposed to be connected, at 
various depths, with the main mass of granite, are fre- 
quently schorlaceous. 

This schorlaceous granite generally appears to prevail 
when a peculiar kind of argillaceous slate is brought into 
(contact with the granitic mass, such slates when near the 
latter having also a schorlaeeous character. There would 
seem to have been a reciprocal and chemical action along 
tlie line of junction, when the whole was in a heated state. 

lioclic Rock forms a conspicuous object in the country, 
rising abruptly from an undulating surface of elevated land, 
constituting a portion of a mass of schorl-rock, which has 
an east and west direction. 

Althougli this portion of the schorl-rock rises abruptly 
above the surface of the adjoining land it is by no means so 
hard a substance as might at first sight be supposed ; hence 
when employed as a building stone, however ornamental its 
appearance, it would not, probably, be attended with the 
success that miglit be otherwise anticipated. Map 30. 

52. — SenoKL-ROOK, composed of schorl and quartz in 
nearly equal proportions. Map 33. — Laity, near Lelant, 
Cornwall. 

63 SCHORL-KOCK, Composed of snudl grains of schorl 

and quartz^ with occasional included fragments of the latter. 
The granite of Belovely Beacon (No. 43) passes into this 
rock. Map 30. — North end of Belovely Beacon, Corn- 
wall. 

64 . — Schorl, showing a tendency to form prismatic crys- 
tals in j daces. Prom a mass in Schorl Rock. Map 33. — 
Botallack Mine, St. Just, Cornwall. 

55. — Schorl, illustrative of the numerous schorlaceous 
veins which are found in the district ; these (sometimes 
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several inches in thickness) are composed of little else than 
crystals of schorl, radiating from different centres, and 
crossing or pressing against each other. Map 33. — llose- 
mergy, near Morvah, Cornwall. (See “ Report on Corn- 
wall,” p. 161.) 

66. — Schorl vein, traversing granite^ illustrative of the 
mode of occurrence of such veins in Cornwall. Map 33. — 
Morvah, Cornwall. 

67. — Fine-grained schoulaceous granite, composed of 
felspar^ schorl^ and quartz. From a vein of granite cutting 
serpentine. Map 32. — Flagstaff, Cadgwith, Cornwall. 

68. — Fine-grained sciiorlaceous granite, composed of 
quartz^ felspar^ a little schorl^ and small occasional specks 
of silvery mica. From a granite vein cutting coarser- 
grained granite. Map 33. (Sec “ Report on Cornwall,” 
p. 172.) — Rosemodris. St. Bury an, Cornwall. 

69. — ^Fortion of a granite vein : the specimoii is com- 
posed of pink felspar^ with a few small specks of schorl. 
Map 32. — Poltreath, Lizard Town, Cornwall. 

70. — Granite vein, composed of a quartz and felspar 
base, with crystals of white felspar, and a scattered equivocal 
dark substance, probably schorl. 

This forms part of a long granitic dyke (see Geological 
Map j!so, 30) extending from the main mass of granite east- 
ward toward St. Mabyn. It has been employed for building 
and for roads ; the more compact parts of the dyke afford a 
good material for the latter purpose. — Hellagon, near Hel- 
land, Cornwall. (See ‘‘Report on Geology of Cornwall,” 

p. 180 .) 

71. — Granitic dyke, light-coloured felspar, quartz, and 
mica, containing disseminated crystals of light-coloured 
felspar. It forms a portion of the granitic dyke noticed 
No. 88. Employed for roads, for which it is an excellent 
material, and for building. Map 30. — Tregreeiiwell, near 
St. Teath, Cornwall. 

72. — Granitic dyke, the central portion of the dyke, and 
composed of quartz, felspar, and mica, with separate crys- 
tals of felspar and spots of decomposed iron pyrites. 
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This dyke traverses the fossiliferous rocks of the dis- 
trict at right angles to their line of strike (see Geological 
Maps Nos. 30 and 31), and can readily be traced from the 
cliffs in Watergate Bay in a soutlierly direction through 
8t. Colund) Minor, Chapel, Bencwalls, and Trerice, towards 
St. Mi(‘hac‘l or Mitchell. 

It is opened in several places along this line for quarries, 
and tlie central portions, being somewhat decomposed, are 
termed freestones ^ a^id employed for building, &c. Map 
30. — Near St. Columb Minor, Cornwall. 

73. — Fine-grained scuiorlaceous granite, composed of 
felspar^ quartz^ and schorl. It forms a vein travers- 
ing serpentine, (See ‘‘Report on Cornwall,” p. 172.) Map 
32. — Kynance Cove, C’ornwall. 

74. — Granitic Porphyry, from the central part of a 
dyke, and composed of small crystals of flesh-coloured fel- 
spar, and isolated and radiating 7iests of schorl in a felspathic 
base. Much employed for economic })urposes. Map 31. 
(See “Report on Cornwall,” p. 177.) — S(weock Water, 
between Redruth and Truro, Cornwall. 

75. — Felspar j'orpjiyry, composed of crystals of light- 
coloured felspar, witJi small radiating nests of schorl and a 
little quartz, in a felspathic base. Part of a granitic dyke. 
Map 33. — Near St. Hilary, Cornwall. 

76. — Felspar porpiiyp.y, composed of a qiiarlzo-fels 2 )atliic 
base, containing ciystaLs oi felspar, quartz, and schorl. The 
s]>eeimeii shows the composition of the inner i>arts of a, dyke 
which juts out on the coast from beneath that great mass of 
calcareous sandhills known as Piran Sands, which extend 
from Piran Perth on (he south to Penhale on the north. 

This dyke is seen to cut through argillaceous slates on the 
south side, ou the north its junction was concealed by the 
sands from view in 1835. Included fragments of the ad- 
joining slate are seen among the mass of porphyry, and 
have, for the most part, been somewhat altered in their 
character, though they have not lost their schistose stimc- 
ture. Map 31. — ^Pirau Sands, Cornwall, 
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77 . — Felspar porphyry {eJvan dyke^ near a lode), com- 
posed of ciystals of quartz fehpar, and nests of schorl 
Map 31. — Consols Mines (west, end), Cornwall. 

78. — Felspar porphyry, composed of a fohpiitliic 
l)ase, containing disseminated hornblende, and vessels filled 
with calcareous matter. Forms part of one of several elon- 
gated trappean masses which occur near Eiidellyon. (See 
(T(‘ological Map, No. 30.) These vary in mineral structure, 
even at short distances, in tlie saim* mass. Judging from 
the phenomena ohservahle on the adjacent coast, these 
masses of tra]) have Ix^en intriid(‘d among the shi(es of the 
district, which slates are fossiliferous. Ma]) 30. — Endellyon, 
Cornwall. 

79. — Felspar porj’Hyry, composed of crystals flesh- 
coloured fehpar, quartz, and schorl with veins of quartz in 
a felspatho-qua,rtzos(^ hase. It forms an elvan dyke in 
which tin branches are found. ( See “ lie])ort on Cornwall,” 
j). 175.) Map, 33. — Tregurtha Mine, lUMir St. Hilary, 
Cornwall. 

80. — Granitic rock, composed of a gi*ey quartzo-felspa- 
thic base, with included iinjKTfect crystals of lighter coloured 
felspar and points of iron pyrites. Tt forms the north-east 
(uid of a long narrow line of granitic rock (see Ma]), No. 
30) extending tlirough St. Kew, towards Padstow Haibour. 
— Trehurget, near St. T(?ath, Cornwall. 

81. — Felspatihc porphyry, {part of an elvan dyke,) 
composed of a brown flesh-coloured fel spathic base, con- 
taining light pinkish crystals of felspar, crystals of quartz 
and appai’ently others of schorl It forms a variety of 
No. 102 ; it would be a beautiful ornamental stom*. Map 
30. — Tremore, near Bodmin, Cornwall. 

82. — Felspathio pokphy^ry, forming j)art of the same 
dyke (No. 89), where it abuts against the slates among 
which it has been intruded. The different structures of 
the different parts of the dyke may be explained as at 
No. 97 . Map 31. — Cliff, South of Penhale, Crantock, 
Cornwall. 
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Gallmy — Felspathic porphyry, composed of crystals of 

Waitcases ^ felspatho-quartzose base. Map 33. — Rose- 

6 and 7. angrouz, near St. Erth, Cornwall. 

84. — Felspathic porphyry, composed of crystals of 
quartz and flesh-coloured crystals of felspar in a lighter- 
coloured base. This forms the continuation westward of 
the Tremore Porphyry No. 81. It might be employed 
for ornamental purposes. Map 30. — Near St. Wenn, 
Cornwall. 

85. — Felspathic porphyry, composed of crystals of 
felspar, quartz, and schorl in a felspathic base. Map 30. 
— From the junction of granite and slate, near Dolcoath 
Mine, Cornwall. 

86. — Granitic porphyry, composed of cry. ::al8 felspar 
and spots of schorl, in a roseate felspathic base. It forms 
part of an elvan dyke. Map 31. — Creegbroaz Quarries, 
near Chacewater, Cornwall. 

87. — ^Felspathic porphyry, composed of crystals of 
light-coloured felspar, quartz, and schorl in a quartzo- 
felspathic base. It forms au elvan dyke ti’aversing granite. 
Map 31. — Croft Michel, near Crowan, Cornwall. 

88. — Porphyritic granite, composed of a light grey 
felspathic base, containing crystals of quartz, flesh-coloured 
felspar, and plates of mica. 

This forms part of a granitic dyke, extending from Grey 
Lake, near Camelford, by Trecligoe and Ilelstone to Tre- 
forde, and varies much in its mineral (;haracter ; it clearly 
cuts the lodes. This (as well as Nos. 91, 98, &c.) is one of 
the rocks named Elvans by the Cornish miners, several 
varieties of which have been and still are employed for 
architectural pui'poses, for which in general they are well 
suited. At present they are employed for the corners of 
houses, for rough buildings, walls, and for roads. Map 30, 
— Trecligoe, near Camelford, Cornwall. 

89. — Granitic porphyry, from the central parts of a 
dyke, and composed of quartz, a small proportion of mica, 
and felspar and schorl, some in crystals. Map 31. — 
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QuaiTied for building stone. — Penhale Cliffs f South side). 
Cornwall. 

90. — Part of a granite dyke, apparently cutting 
through the schistose rocks of the district, and is probably 
the continuation eastward of No. 89. Map 31. It is 
quarried for building stone and road material. — St. Cubert, 
Cornwall. 

91 — Felspathic porphyry, composed of disseminated 
crystals of schorl, in a fine-grained felspathic base. It forms 
part of an elvan dyke traversing granite. Map 31. — 
Penstruthal Mine, Cornwall. 

92. — Granitic porphyry, composed of a roseate fel- 
spathic base, containing imperfect crystals of white felspar 
and plates of hroxon mica. (See No. 104.) Map 30. — 
Treniore, near Bodmin, Cornwall. 

93. — Granitic rock. Crystals of flesh-coloured felspar 
and quartz in a felspathic and hornblendic base. Map 30. 
It forms part of the granitic rock noticed No. 80, and is 
employed for roads. — Hill on the south side of Endellyon, 
Cornwall. 

94. — Granitic porphyry, composed of crystals of quartz 
and specks of mica in a greyish- white quartzo-felspathic 
base. Map 30. 

It forms part of the same granitic dyke noticed Nos. 
71 and 78. It is used for roads and buildings, for 
both of which it is a good material. — Near Camelford, 
Cornwall. 

•95, — Granitic dyke ; the northern portion, as far as is 
visible above the level of the sea, of the dyke noticed 97. 
Map 30. It is a mixture of quartz, felspar, and mica. 
Used as a building material under the name of ^ freestone,^' 
— Watergate Bay, Cornwall. 

96 . — Granitic rock, felspathic base containing disse- 
minated quartz and imperfect crystals ot felspar. 

Forms part of a line of granitic rock extending from 
Treburget, near St. Teath, nearly to Pad stow Harbour. 
Map 30. It cuts through a series of variegated slates. 
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Employed for building and for roads. Large quai’ries 
are open^ on the St. Kew Hills, — St. Kew Hills, St. Kew, 
Cornwall. 

97. — Outer portion op a granitic dyke, showing a 
porphyritic arrangement of the same substances, and 
beautifully illustrating the igneous origin of the granitic 
matter of the dyke ; that portion which necessarily took the 
longest time to cool, being most crystalline, while the ex- 
ternal portions, cooling more rapidly, were less crystalline, 
and ])artook more of the porphyi*itic structure. 

The exterior portions of this dyke, being not so readily 
worked with the tool, are not so much used for common 
architectural purposes as its interior portions ; though, 
where expense is no great object, the ornamental parts 
of a building Avould be far more durable if made of its 
outer portions. Map 30. — Near St. Columb Minor, 
Cornwall. 

98. — ^Porphyritic rock, greyish-white quartzo-felspatliie 
base, containing imperfect crystals of white felspar and 
plates of brown mica. Map 30. — Helstone, near Caraelford, 
Cornwall. 

99. — Felspar porphyry, a fine grained compound of 
felspar and quartz with crystals of mica. Forms part of an 
elvan dyke, knoAvn as the Pentuan elvan or Pentuan stone, 
(See Report on Cornwall,” pp. 182 and 183.) Map 31. 
— Pentuan, St. Austell, Cornwall. 

100. — Granitic^ porphyry, crystals felspar^ somewhat 
decomposed, with a small quantity of quartz, and a little 
silvery mica in a greenish-coloured felspathic base. Forms 
part of an elvan dyke. Map 31. (See “Report on Corn- 
wall,” p. 177.) — Creegbroaz Quarries, near Chacewater, 
Cornwall. 

101. — Felspar porphyry. — ^Part of a granitic vein, pro- 
ceeding from the main body of granite to the eastward of 
this locality, (see Map 30,) and composed of a quartz and 
felspar base, in which plates of black mica and crystals of 
white felspar are included. 
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This is cue of the many granite veins (see Map 30,) 
which cut tlirough the slates in the neighbourhood of 
Blisland. It is employed for the roads, for which it is a 
good material. — ^London Inn, near Cardinham, Cornwall. 

102 — Felspar porphyry. — ^Flesh-coloured felspathic 
base, containing crystals of white felspar and quartz, 
(See No. 104.) Part of an el van dyke. Map 30. 

Would form a very beautiful matei’ial for oi-nameutal 
purposes ; tliere are also some grey varieties that would be 
by no means inferior. — Tremore, near Bodmin, Cornwall. 

103. — Granitic rock, composed of a grey bas(^ of 
felspar and hornblende, containing imperfect crystals of 
light-coloured felspar and quartz. Map 30. A \ ariety of 
No. 83. — Treburget, near St. Teath, Cornwall. 

104. — Ffxspar poRriiYRY.— Flesh-coloured felspathic 
base, reddish-pink crystals of felspar, mixed with others of 
quartz, and with a greenish substance not very determi- 
nable. Foi’ins part of a long line, apparenily intruded 
mnong the adjacent beds of porphyritic matter (see Map 30), 
(‘xtending from Tremore near Bodmin to Tregotha near 
St. Wcnn. 
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In the lane h'ading from St. Weiin Church to Lancorlar, 
and also in the road to Restigen, this dyke is seen to be 
irregularly decomposed so as to appear like a white or pink 
clay containing quai*tz crystals, and crystals of felspar, the 
latter being decomposed. Tliis decomposition does not 
extend beyond the distance of five-eighths of a mile. If 
polished it would form 5i viduable ornamental stone, — St. 
Weiin, Cornwall. 

105. — Granitic porphyry, composed of crystals ot flesh- 
coloured felspar and translucent quartz, with a tew spots of 
schorl in a light-grey felspatho-quartzose base, and con- 
taining cracks filled Avith translucent quartz and schorl. 

It forms a dyke which can be traced for 12 miles from 
Huel Darlington, near Marazion, into the Carnbrea granite, 
cutting into the latter on the west of Camborne Beacon. 
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Ga^«. “Eeport on Cornwall,” p. 174.) Map 33. — Maraaion 
Mines, Cornwall. 

105a. — PoRPHYRiTic ROCK, composed of crystals of/c/- 
$par and quartz^ in a felspatho-quartzose base, from an 
elvan dyke adjoining the copper and tin lodes. — Map 33. — 
Maimion Mines, Cornwall. 

106. — Fblspathic PORPHYRY, composed of quartz and 
crystals of felspar, some of which are weathered out in a 
quartzo-felspathic base. It forms part of an elvan dyke. 
Map 31. — Enys, Cornwall. 

107. — Part of an elvan dyke, a whitish rock com- 
posed of a fine grained compound of quartz felspar ; a 
continuation of the Penstruthal elvan. No. 91. Map 31. 
— ^Newham QuaiTy, near Truro, Cornwall. 

107a. — A variety of the above elvan dyke. (See “Report 
on Cornwall,” p. 177.) 

108. — Felspathic porphyry, containing prismatic crys- 
tals of schorl, and fragments of quartz in a quartzo-fel- 
spathic base. — Map 31. — ^Pentuan, St. Austell, Cornwall. 

109. — Felspathic porphyry, a variety of the Pentuan 
elvan, composed of a base of felspar and quartz, with a 
few small specks of silvery mica, and numerous large 
fragments of the slate rocks which it traverses. From the 
outer portion of the dyke. (See “Report on Cornwall,” 
p. 182.) Map 31. — Pentuan, St. Austell, Cornwall. 

109a. — Another variety of the Pentuan elvan, contain- 
ing included fragnmits of slate. 

110. — Another variety of the Pentuan elvan, from the 
outer portions of the dyke, containing an included fragment 
of the adjoining rock. 

111. — Felspathic porphyry, composed of crystals of 
flesh-coloured felspar, and translucent quartz, with spots of 
schorl, in a light-grey felspatho-quartzose base. Map 33. 
— Corbus Quarry, near St. Erth, Cornwall. 

112. — Another variety of the above elvan dyke. Map 
33 — Herland Mine, Gwinnear, Cornwall. 
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113. — Pelspathic porphyry, (part of an elvan dyke,) 
cutting through granite. — St. Mary’s, (near the Telegraph,) 
Scilly Islands. 

114 . — Elvan, slightly conglomeratic, with decomposing 
crystals felspar, and associated with the slate of the 
vicinity, which is seen to be fossiliferous near the same 
locality. Map 30. — Opposite Cant Hill, Padstow Harbour, 
Cornwall. 

115. — Granitic vein, traversing altered slates. Map 
33. — St. Michael’s Mount, Cornwall. 

116. — ScHORLACEOUS GRANITE, in contact with and 
altering slates. The granite is fine grained, and composed 
of quartz, felspar, schorl, and a little mica. (See “Report 
on Cornwall,” p. 172.) Map 33. — Mousehole, Cornwall. 

117. — ScHORLACEOUS GRANITE, composcd quartz, white 
felspar, schorl, and varieties of mica, with a vein of fine- 
grained granite. (See “Report on Cornwall,” p. 161.) — 
Round Rock Point, St. Martin’s Bay, Scilly Islands. 

118. — Granite vein, traversing altered slates. Map 
33. — St. Michael’s Mount, Cornwall. 

1 19. — Breccia, containing variously-sized angular frag- 
ments of argillaceous slate. The cementing matter is 
sometimes slightly calcareous, and the whole is traversed 
by veins both of quartz and of carbonate of lime. (See 
“ Report on Cornwall,” p. 89.) Employed for roads and 
rough building purposes. Map 30. — South side of Dinas 
Hill, near Padstow, Cornwall. 
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Decomposed Granites.* 

120. — Decomposed granite, a hard variety . — Morley 
Clay Works, Dartmoor, Devon. Map 25. 

120a. — Decomposed granite, a lohite variety^ with much 
quartz and white felspar and silvery mica. — Morley Clay 
Works, Dartmoor, Devon. Map 25. 

121 and 122. — Decomposed granite, with 

much silvery mica. — Morley Clay Works, Dartmoor, Devon. 
Map 25. 


123. — Decomposing felspathic trap. — Forth Hagog, 
Famsey Island, St. David’s, Pembrokeshire. Map 40. 

124. — Felspatiik' pohpiitky {elran.) Map 78; N.W. — 
South of Hafod-oiien, near Amlwch, Anglesea. 

125. — Felspathk^ porphyry ehan'") (“ Carreg 
Iwyd,'^') Map 78. — Llanfechell, Anglesea. 

126. — Pink felspathic trap. — Near Lanark, Scotland. 

127. — Felspatjiic trail Map 60, S.E. — Dysgwylfa 
Hill, near Bishops Castle, Salop. 

128. — Columnar felspathic trap. — Owlbnry, near 
Bishops Castle, Salop. 

129. — Light (iUEEx felspathic trap, showing a white 
weathered surface. — Tinnacarrig Hill, near New Foss, 
Ireland. 

130. — Felspathic trap. Map 40. — Clegyr Bridge, St 
David’s, Pembrokeshire. 

131. — PoRmrruiTTC rock, ti'aversing red sandstone and 
slates. (See ‘‘ Fe]»ort on Cornwall,” p. 65.) Map 24. — 
Cawsand, Plymouth, Devon. 


* See “ Report on Cornwall,” pp. 509 to 513 ; also Mr. Hunt’s De- 
scriptive Guide, pp. 78 to 80. 81,078 tons of china clay were exported 
fh)m Cornwall and Devon in 1857 ; of these the best quality is used for 
making porcelain, while the inferior description is used by calico and 
paper makers. 
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1 32. — Vesicular felspathic trap (used for buildiug). 
— Llandegley Rocks, Radnorshire. Map 56, S.E. 

133. — Felspathic trap. — ^Llandegley Rocks, Radnor- 
shire. Map 56, S.E. 

134. — Concretionary felsi^atuic trap. — Hafnant, 3 
miles south-west of Yspytty Evan, Merionethshire. 

135. — Felspathic trap, forming the base of the Snow- 
don rocks ; showing an unevenly weathered and laminated 
surface. — Clogwyn-du’r-arddu, Llanberis, Caernarvonshire. 

136. — Light grey compact felspathic trap, with white 
weathered surface and joints. — Quarter of a mile south of 
Moel-y-menin, Arcnig range, Merionethshire. Map 74, S.W, 

137. — Grey thin bedded trap. — Y Wenallt, 1| miles 
north-west of Llanuwchllyn, Merionethshire. Map 74, S.W. 

138. — Compact greenish felspar trap, with occasional 
thin lines and veins of red felspar and calc spar , — Winds 
Point, Little Malvern, Worcestershire. (See “ Survey Me- 
moirs,” vol ii., i)art I., pp. 31 and 32.) Map 43, N.E. 

139. — Felspathic porphyry. — Tinnacarrig Hill, near 
New Ross, Ireland. 

140. — Greenish fei.spathic porphyry, weathering white. 
— Carrick-a-daggan, near New Ross. 

141. — A kind of trappean rook, having a semi-mecha- 
nical 01 ‘igin, and associated with a conglomerate of the 
slate series. It is quarried for building-stone at the cliff*, 
close to the riv(‘r. Map 30. — Opposite C’ant Hill, Padstow 
Harbour, Coi-nwall, 
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142. — SiEXiTic GRANITE, composed of large crystals of 
hornhlende witii white quartz^ and flesh-cMlourcd felspar in 
nearly equal ])ruportioii8 ; and occasional black mica^ ap- 
parently replacing tlie hornblende. — Stroiitian, Argyle- 
shire. 

143. — Syenite, composed of large crystals of pink fel- 
spar^ with quartz^ occasionally in prismatic crystals, and 
some schorl in a base of hornblende. 
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TMs rxxik occurs in large detached blocks, which pro- 
bably formed portions of a dyke traversing the granite of 
the district. (See Column 35 in the Hall.) The sarco- 
phagus for the late Duke of Wellington is formed of a single 
block of this atone. (See Descriptive Guide,” p. 26.) — 
Luxulion, miles south-west of Lostwithiel, Cornwall. 

144. — Syenitic granite, composed of quartz^ flesh-co- 
loured felspar^ black mica, and a small proportion of horn- 
blende, — St. Brelade’s Quarry, Jersey. 

145. — Syenitic granite, composed of two varieties of 
felspar (white and light flesh-coloured), a small quantity of 
quartz and hornblende, and a little black mica, — Strontian, 
Argyleshire. 

146. — Syenitic and porphyritio granite, composed of 
large crystals of white and light-pinkish felspar in a base 
of translucent quartz, hornblende, and black mica , — ^^Stron- 
tian, Argyleshire. 

147. — Grey syenitic granite, composed chiefly of horn- 
blende, with felspar and quartz and a few specks of iron 
pyrites. Black mica occasionally replaces a portion of the 
hornblende. — Used as a building stone. — Guernsey. 

148. — Syenite, composed of white milky quartz in a fel- 
spathic base, with lines and specks of hornblende, — Mynydd 
Cefn-arawlch, 9 miles west of Pwllheli, Caernarvon- 
shire. Map 76, S. 

1 49. — Bed felspathic syenite, chiefly composed of reddish 
felspar, with hornblende and a little quartz. 

This rock may be regarded as the fundamental rock of 
the chain of the Malvern Hills. — (See “ Memoirs of the 
Geological Survey,” vol. ii., part I., pp. 40 and 41.) — Great 
Malvern, Worcestershire. Map 55, S.E. 

150. — Syenite, a compound of felspar and hornblende, the 
latter with a tendency to form separate aggregations. — mile 
north-west of Ffestiniog, Merionethshire. Map 75, N.E. 

151. — Syenite, composed of quartz, yAixtje. felspar (some 
in crystals) and hornblende, wdth a very few minute specks 
of iron pyrites. Used as a building-stone. — Guernsey. 
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152. — Syenite, chiefly composed of pink felspar witli 
hornblende and a small proportion of quartz. — Strontian, 
Argyleshire. 

153. — Grey syenite, or, syenitic porphyry, composed 
of prismatic crystals ol‘ hornblende^ with white felspar and 
quartz^ and a few specks of iron pyrites. — Used as a building 
stone. — Guernsey. 

154. — ^Fine-grained, reddish-grey gra^nitic rock, con- 
taining imperfect crystals of a lighter coloured felspar. 

This rock forms part of a granitic dyke wliich extends 
from the western end of Penvivian Hill towards Pelovely 
Beacon. See Map 30. — Great Brin, near Roche, Corn wall. 

155. — PoRPiiYRiTic greenstone, cliicfly composed ot 
prismatic crj'stals of hornblende^ v^vXSx felspar^ a little trans- 
lucent quartz^ and a few occasional spangles of mica . — Pe li- 
ar -fynydd, 3 miles east of Aberdaroii, Caernarvonshire* 
Map 76, S. 

Greenstone, Hornblende Rock, Toadstone, Amygda- 
loid, &c. 

156 to 158. — Greenstone (variety — hypersthene rock) 
composed of hypersthene and felspar. Hanter Hill is a 
picturesque mass of rock, rising to a height of 1,250 feet 
above the sea level, and altering and contorting the Upper 
Silurian strata, amongst which it is injected along a great 
line of dislocation. It forms an extcmsion of the same 
range of eruptive Trap as the Stanner Rocks, No. 178, 
Map 56, S.E., and Horizontal Sections, Sheet No. 27. — 
Hanter Hill, Kington, Herefordshire. 

159. — Fine-grained greenstone, composed of brownish 
felspar and hornblende, in nearly equal proportions. — Sea 
coast 4^ miles south of Clynnog-fawr, West of Yr Eifl, 
Caernarvonshire. Map 75, N,W. 

160. — Large-grained greenstone, forming some re- 
markable rocky tors near the cliffs. It might be usefully 
employed for roads and in massive structures. — Tintagell, 
Cornwall. Map 30. 
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161. — ^Large-grained porphyritic greenstone, forming 
part of a line of trappean rock to Bray Hill in Padstow 
Harbour; where it is clearly seen to have been intruded 
among the slates. 

Employed for building and for roads ; the more com- 
pact varieties are excellent for the purpose. — St. Minver, 
Cornwall. Map 30. 

162. — PoRPiiYRiTic GiiKEN STONE, forming pai't of a long 
line of trappean rocks extending to and beyond St. Clether, 
and which are for the most part schistose in that direction 
and occasionally vesicular. — Davidstow, Cornwall. Map 30. 

163. — ^^PouniYiiiTic GREENSTONE, containing ciystals of 
felspar and kernels of green earth in a decomposing horn- 
blendic base. — Carneddau, Builth, Breconshire. 

164. — Porphyritic greenstone, containing a vein of 
hornblende. — Boswednau Cliff, Zennor, Cornwall. Map 33. 

165. — Porphyritic greenstone, composed of crystals of 
felspar in a hornblende base. P.art of a dyke. — Brynian- 
geirwen, Anglesea. Map 77, N. 

166. — Fine-grained greenstoni:, eom))osed of nearly 
equal proportions oi felspar and hornblende. The specimen 
shows the natural joints, the surfaces of which have wea- 
thered of a brownish colour. — Broom Close Bay, Veryan, 
Cornwall. Map 31. 

167. — Porphyritic greenstone, composed of crystals of 
felspar^ a small quantity of quartz^ and a few minute specks 
of iron pyrites in a base of hornblende, — Grange Hill, near 
Chair of Kildare, County Kildare, Ireland. Map 119. 

168. — ^Porphyritic greenstone, composed of crystals of 
felspar in a hornblende base. — ^Beyond Goodrcvy Cove, St. 
Keverne, Corn'wall. Map 31. 

169. — Porphyritic greenstone ; var ; “ Forjido VercT^ 
antico “ Carreg Eiarn ” (Anglesea). Composed of a few 
crystals of tvhite felspar disseminated in a base of compact 
greenstone, — Llanfechell, Anglesea, Map 78, N.W. 

170. — ^Porphyritic greenstone, composed of crystals of 
Wght green felspar in a base of hornblende, — Tan-y-graig, 
l|inilesN.N.E, of Pwllheli, Caernarvonshire, Map 75, S,W. 
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171. — ^Fokphyritic greenstone, composed of crystals of 
white felspar in a felspatho-hornblendic base. — Bwlch 
Mawr, miles south-east of Clynnog-fawr, Caernarvon- 
shire Map 75, N.W. 

172. — PoRPHYRiTic fJREENSTONE, in a decomposing state, 
composed of crystals of lohite felspar in a hornblende base. 
— Dun, Coast of Ayrshire*, Scotland. 

173. — Felspatiiig greenstone, eompesed felspar and 
hornblende in nearly equal quantities. Furnishes a good 
building stone. — Careg-y-rimbill (“ Giniblet Rock ”), Pwll- 
heli, Caernarvonshire. Map 75, S.W. 

174. — Greenstone, conqiosed of felspar and aiigitc in 
nearly equal proportions — Salisbury Crags, Edinburgh. 

175. — Felspathig greenstone, containing crystals of 
iron pyrites, (Part of a dyke. ) This and some other trap- 
pean rocks of the neighbourhood might be usefully employed 
on the roads of the vicinity, which are too frequently mended 
witli quartz. — West Pent ire, “Crantock, Cornwall. Map 30. 

176. — Small-grained (aiEENSTONE, composed of an inti- 
mate mixtuie felspar and hornblende \ and weathering 
ferruginous-brown. — Campsie Hills, Stirlingshire, Scotland. 

177. — CoNGKETiONARY GREENSTONE, weathering into fer- 
ruginous-brown concentric concretions (from Coal Mea^ 
sures), — 2 miles south of Atherstoiie, WaT’wickshire. 

1 78. — Greenstone, composed of hornblende and felspar^ 
with small specks of black mica^ often steatitic on surfaces. 
All eruptive rock intruded among and altering Upper Silu- 
rian (Ludlow) strata. Map 56, S.E. — Stanner Rocks, near 
Kington, Herefordshire. 

179. — Compagt greenstone, from a dyke traversing 
Cambrian Rocks. — Baily Lighthouse, Ilowth, County 
Dublin. 

180. — Compact greenstone. — Between Lay Point and 
St. Ives, Cornwall. Map 33. 

181. — Greenstone. (See ‘‘Report on Cornwall,” p. 82.) 
— St. Mewan, Cornwall, Map 31. 

182. — Greenstone. Treuoweth, Cury, Cornwall. Map31, 
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183. — Greenstone, of a somewhat hypersthenic charac- 
ter. It pierces the soil in different places, and is scattered 
over the country in large blocks. This rock forms part of 
a mass of trappean rock extending north and south, and is 
apparently somewhat altered from exposure to the influence 
of the neighbouring granite. It makes an excellent material 
for roads. — Michaelstow Beacon, Cornwall. Map 30. 

184. — Compact greenstone (weathering brown) in 
close contact with slate. — Cam Llidi, St. David’s, Pem- 
brokeshire. Map 40. 

185. — Fine-grained greenstone (weathering brown) 
a little removed from contact with slates. — South-east side 
of Cam Llidi, St. David’s, Pembrokeshire. Map 40. 

186. — Basaltic greenstone. — Clee Hills, near Ludlow 
Salop. 

187 and 187a. — Compact greenstone. — tTurnard’s Head, 
Zeniior, Cornwall. Map 33. 

188. — Greenstone {locallt/ termed toadstond^)^ com- 
posed of an intimate mixture of felspar and hornblende , — 
From a mine near Hartshill Hall, Derbyshire. 

189. — Compact (iREEN stone, composed of an intimate 
mixture of /c&joar and hornblende^ in nearly equal propor- 
tions. Weathers ferruginous brown — North of Strathaven, 
Lanarkshire, Scotland. 


190. — Greenstone {^Hoadstond'\ a crystalline compound 
oi\f€lspar and hornblende^ weathering brown. — Near Fair- 
licld, Buxton, Derbyshire. 

191. — Greenstone toadstone"), in contact with a vein 

of aragonite, — Allport, Bakewell, Derbyshire. 

192. — Greenstone, from a dyke cutting through Cam- 
brian rocks. — Longmynd, Shropshire. 

193. — Compact greenstone, associated with slates and 
grits. (See ‘‘Report on Cornwall,” p. 82.) — Black Head, 
St Austell, Cornwall. Map 31. 

194. — Compact greenstone. — ^Between Lay Point and 
St. Ives, Cornwall. Map 33, 
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195. — ^Compact gbeenstone, containing a little iroii 
pyrites , — From a dyke traversing chlorite and mica schist. — 
The Skerries, Anglesea. Map 78, N.W. 

196. — Compact orkenstoxe, with a weathered surface. — 
Rhosmynach, Anglesea. 

197. — Diallage uock, apparently cutting througli ser- 
pentine. (See “Report on Cornwall,” p. 98.) — Penvose, 
Landewednack, Cornwall. Map 32. 

198. — Compact greenstone, apparently intruded among 
argillaceous slates. Employed for roads, for which it is an 
excellent material. — Egloshayle, Cornwall. Map 30. 

199. — Greenstone. — Bryn Fuehes, Anglesea. 

200. — Greenstone {Jine gramed), formed hornblende^ 
felspar j and carbonate of lime. This forms a boss of rock, 
apparently forced up among the adjoining slates and brec- 
cias. It may be remarked that the latter, which occur on 
the southern part of the hill, do not contain any ])ortion of 
the trappean rock near them. — Dinas Hill, near Padstow, 
Cornwall. Map 30. 

201. — A kind of trappean rock, IniAdug a semi-mcchani- 
cal origin, and associated with a conglomerate (No. 1 19) f)f* 
the slate series. This ro(!k is quarried, for building stone, 
at the cliff close to the river — Opposite Cant Hill, Padstow 
Harbour, Cornwall. Map 30. 

202 — Greenstone. — This rock occurs at tlie extreme 
point of the liead, and is continued outwards in a western 
direction under the sea-level, as is seen by rocks which 
appear at low water. Without the protection of its green- 
stone point. Park Head would be cut back, by the incessant 
action of the breakers, to the general line of coast on eacli 
side of it. — Park Head, St. Eval, Cornwall. Map 30. 

203. — Greenstone with a small quantity iron pyrites. 

This rock forms the northern part of the Head, and con- 
stitutes the range known as the Millup, or Mirrup Rocks, 
which extend eastward into Polventon Bay. The greenstone 
has evidently been intruded among the adjacent schistose 
rocks. — East side of Trovose Head, Cornwall. Map 30, 
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GjlSeey associated with contemporaneous 

jj— argillaceous slates. — ^Near Trereiffe, Penzance, Cornwall. 

6 and?!* (See “ Report on the Geology of Cornwall,” p. 100.) Map 33. 

205. — Compact greenstone, locally termed “ ironstone^’* 
— Botallack Mine, St. Just, Cornwall. Map 33. 

206. — Compact greenstone, locally termed iroyistoner 
— Huel Cock, St. Just, Cornwall. Map 33. 

207. — Compact greenstone. — Buriicoose, near Gwen- 
naj), Cornwall. (See “Report on the Geology of Cornwall.” 
p. 176.) Map 31. 

208. — Greenstone, a finely divided mixture of felspar 
and hornblende, — Drana Point, St. Keverne, Cornwall. 

209. — Greenstone, someiohat hypersthenic^ — One of the 
numerous trappeau masses of the vicinity which appear to 
have ])een intruded among the fossiliferous slates. Em- 
ployed for roads and building. It is an excellent material 
for the former purpose. — Hill, west from Dinham, Padstow 
River, Cornwall. Map 30. 

210. — Greenstone, composed of hornllendey with a small 
proportion of /t7.7?ar. (See “ Report on Cornwall,” p. 100.) 
Gwavas Hill, Newlyii, near Penzance, CV)rnwall. Map 33. 

211. — Basalt. — Little Wenlock, Buildwas, Saloj). Map 
61, KW. 

212. — l)iAi.LA<iE ROCK, a coni])ound felspar^ hornblende^ 
and diallaye, (See “Repoit on Cornwall,” pp. 98 and 99.) 
— Gilly Cliff; St. Keverne, Cornwall. Map 32. 

213. — Greenstone, composed of veins and laminae of 
fibrous asbestus in a light green fels])athic bas{‘. — Conwav, 
North Wales. Map 78, N.E. 

214. — Greenstone, with veins of asbestus. From a 
dike traversing the ti'ap rock of Llyn Peris. — Lhinberis, 
Caernarvonshire. Map 78, S.E. 

215. — Hornblende rock. — Greeb Rock, Mount’s Bay, 
Cornwall. Map 33, 

216. — Hornblende schist, an irregular aggregation of 
hornblende in imperfect crystals. Used for building-stone, 
•^Guernsey , 
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21 7. — Hornblende rock. — Llaiierchymedcl, A nglesca. 
Map 78, N.W. 

218. — Crucible, containing fused portions of the above 
rock. 

219. — Traprean iiOGK of a liypersthenic character, 
apparently a greenstone altered, together with the slates 
with which it is associated, by the intrusion of the neigh- 
bouring granite. — Higher Feuternadle, near Camelford, 
Cornwall. Map 30. 

220. — Greenstone, schistose tmppcan rock, composed 

felspar, hornhhmde, and )nien. This is a continuation of 

a line of greenstone extending across Titcli Beacon to 
beyond Davidstow, one of tliose facts coniinon to tJie system 
of rocks of which it forms a j>art. C-alcareous matter is 
associated with this rock near Grylls, and attempts liave 
been made to burn this variety for lime, for which it is 
altogether unfit, the tra])peun matter s])eedily melting into 
a glass, and the lime assisting the ])roeess ; that very fusible 
substance, silicate of lime, being soon produeed. — Grylls, 
near Camelford, Cornwall. (See ‘‘Rejjort on (Geology of 
CV>rnwall, 8cc.” j)p. o7 and 58.) Map 30. 

221. — Vesicular traitean rock. — F orms part of a 
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trappean rock that extends west noi*th-westward to David- 
stow, and east south-eastward to St. Cletlier. It is asso- 
ciated witli argillaceous slate, and with a line of rocks 
which frequently contain calcareous matter, and even lime- 


stones. 


The calcareo-trappeaii series sAveeps round the nortli of 
Dartmoor, and, after making a southern curve towards 
Callington, again SAveeps round the BroAvn Willy and 
llougli Tor granites, Avhieh appear to have forced it out 
by Tintagcll. Tins scries is occasionally fossiliferous in its 
course. — St. Cletlier, Cornwall. Map 30. 

222. — Fine grained greenstone, ])artly vesicular. — 
Forms part of one of several elongated trappean masses 
Avhich occur near Endellyon. (See Map 30.) They vary 
in mineral structure, even at short distances, in the same 
mass. Judging from the phenomena observable on the 
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adjacent coast, these masses of trap have been intruded 
among the fossiliferous slates of the district. —Endellyon, 
Cornwall. 

223. — Vesicular trappean rock (greenstone). — 
Another variety. These varieties are often employed as 
building stones. — Endellyon, Cornwall. See “ Report on 
Geology of Cornwall,” p. 88.) Map 30. 

224. — Vesicular trappean rock (greenstone) crosses 
the village in a north-east and south-west line ; becomes 
schistose towards the north-east. Is traversed by veins of 
quartz in some places. — Tintagell, Cornwall. Map 30. 

225. — Vesicular trappean rock. — ^Part of a trappean 
mass, which extends from near Burlarroe to Lower Croan. 
The northern parts of the mass are vesicular, and the 
southern more compact. In the coppice (see Geological 
Map 30) the rock is quarried for road-stone. It is the 
same kind of rock so much prized and so well known to 
the South Devon farmers by the name of lioneycomhe dun» 
— Near St. Mabyn, Cornwall. 

226. — Vesicular trappean rock (greenstone). — Forms 
part of a large mass, apj»arently intruded among the adjoin- 
ing slates, which varies in composition from very compact 
greenstone to this kind of vesicular trap. — Pentire Point, 
Pad stow Harbour, Cornwall. Map 30. 

227. — Trappean rock {greenstone) in a decomposing 
state.— -Porthleven, near St. Breague, Cornwall. Map 33. 

228. — Vesicular trappean rock (greenstone.) — Polu- 
rian Cove, Mullion, Cornwall. Map 32. 


Volcanic trappean rocks, ash-beds, and cinders, from 
Brent Tor^ Devonshire. (Seo “Report on Geology of 
Devon and Cornwall,” pp. 120 and 121.) Map 25. 

229. — Compact trappean rock {with ash). (See “Re- 
port on Geology of Cornwall,” p. 121.) 

230. — Vesicular trappean rock (greenstone), with green 
earth and calc spar . — ^Brent Tor. 
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231. — Schistose vesicular volcanic ash. Some of the 
vesicles are filled with calc spar. — Tavistock. 

232. — Schistose vesicular volcanic ash, showing the 
bedding, joints, and cleavage planes. — Tavistock. 

233. — Very vesicular volcanic cinder. 

234. — Vesicular volcanic cinder (some of the vesicles 
filled with calc spar\ with more solid portions, probably of 
contemporaneous lavas, upon the whole resembling a sub- 
stances composed of finely comminuted volcanic matter con- 
solidated. — ^Brent Tor. 

235. — ScoRiACEOUs lava, volcanic cinder. — Brent Tor. 

Toadstone and Amygdaloid. 

236. — Toadstone,* containing pebbles of limestone. — 
From the deep shaft nt the High Rake, near Tides well, 
Derbyshire. 

The name toadstone is applied to the greenstone which 
is interst ratified with the Carboniferous limestone of Der- 
byshire and the north of England. 

The terra is derived from the German todtstein (dead- 
stone), denoting the absence of minerals in the beds with 
which it is associated. — H. W. Bristow. 

Toadstone is a volcanic rock or lava truly interbedded in 
the Carboniferous limestone of Derbyshire, and is of the 
same general geological age with the volcanic rocks of the 
Carboniferous limestone and Lower Carboniferous rocks of 
some parts of Scotland. 

It frequently assumes a cellular structure. Sometimes 
the cells are empty, while at others they are filled with 
calc spar, green earth, and other minerals, and in the latter 
form they are termed amygdaloids. The vesicles have 
originally been formed by the escape of gases, as in modern 
lavas (see Nos. 4 and 5, Case 2), and the kernels with which 
they are filled have been formed by the gradual infiltration 
of lime or other matters into the cavities. Frequently, on 
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* See also Nos. 186, 190, 191, and 253. 
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Dppbe the surface, the kernels are ro-dissolved out^ and the rock 
— * then resumes its original structure, or the emptied cells are 
wholly or partially filled a second time with extraneous 
matter. — A. C. Kamsay. 

237 and 238. — Amygdaloidal greenstone (“ toadstone''), 
A grecjistone base, containing cavities tilled with kernels ol‘ 
calc spai’. — Allport, Bakcwell, Derbyshire. Map 81, S.E. 

239. — Amygdaloidal greenstone toadstone"^), com - 
])osed of greenstone containing cavities and cracks tilled 
with kernels and veins of calc spar, — Mine near Hartshill 
Hall, Derbyshire. 

240. — Amygdaloid, composed of a base of greenstone^ 
containing numerous cavities tilled with kernels oicalc spar^ 
some of which have been subsequently removed by infiltra- 
tion. — North of Colzean Castle, Ayrshire, Scotland. 

241. — Large kernel of galo spar, detached from the above 
amygdaloid. 

242. — Amygdaloid, containing a j)or(iou of a large kernel 
of quartz , — North of Colzean, Ayrshire, Scotland. 

243. — Amygdaloid, containing cavities lined with ker- 
nels of calc spar and others lined with crystals of quartz , — 
Cliff, near Colzean, Ayrshire, Scotland. 

244. — Amygdaloid, with kernels of calc spar and a lew 
of quartz , — Sea cliff, north of Colzean, Ayrshire, Scotland. 

245. — Amygdaloid, containing cavities tilled with kernels 
of calc spar, quartz, and chlorite, — Sea cliff, north of Col- 
zoan, Ayrshire, Scotland. 

246. — Amygdaloid, composed of kernels of ca/c .ymr in a 
greenstone base. — Cliarfield Green.Gloucestershire. Map 35. 

247. — Amygdaloii), composed of nests of epidote in a 
base of greenstone. — Cacr Caradoc, Church Stretton, 
Salop. Map 61, S.W. 

248. — Amy^gdaloit), composed of kernels of decomposing 
green earth, and compact mesotype, in a greenstone base. — 
Caradoc Hill, Church Stretton, Salop. Map 61, S.W. 

249. — ^Amygdaloidal greenstone, the cavities filled 
with calc spar, which have almost entirely been removed. — 
Gaer fawr, Carneddau, Builth, Breconshire. Map 56, S.W. 
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250. — ^PoRPHYBiTic GREENSTONE, composed of imperfect 
crystals of fehpar^ in a base of compact greenstone. — 
Opposite Ramsey Sound, St. David’s, Pembrokeshire. 
Map 40. 

251. — Amygdaloid, with crystals of quartz replacing 
cah spar, — East of Bettws Disserth, Radnorshire. Map 56, 
S.E. 

252. — Amygdaloid, containing a large kernel of calc 
spar. — Lower Ridge, 1^ mile east of Chirbury, Salop. 

253. — Vesicular greenstone toadstone"'), the air- 
vesicles, originally formed when the rock was in a fused 
state, have been filled with kernels of calc spar, which last 
were subsequently removed by the percolation of water. — 
Masson Hill, Matlock Bath, Derbyshire. Map 82, S.W. 

254. — Serpentinous c. reenstone. — Damory Bridge, 
Wotton-under-Edge, Gloucestershire. Map 35. 

255. — Trappean conglomerate, composed of fragments 
of quartz, sandstone, and slate in an arenaceous cement 
chiefly, and associated with grey argillaceous slates. (See 
“Report on Cornwall,” pp. 120 and 121. De la Beche.) 
—Came Mere Point, near Nare Head, Cornwall. Map 31. 

256. — 

257 

258 

259. — 

Canadian Specimens, &c.* 

260. — Felsite porphyry {Euritique, &c.), part of a 
boulder. — ^Near Montreal, Lower Canada. 

261. — Gneissoid rock, containing garnets, — La Prairie, 
near Montreal, Lower Canada. 

262. — Quartz (from a veinstone), containing crystals of 
garnet. From a boulder. — Banks of the St. Lawrence, 
Montreal, Lower Canada. 

263. — Part of a granite boulder, containing numerous 
garnets, — ^Banks of the St. Lawrence, Montreal, Lower 
Canada. 

* American rocks, chiefly presented by Sir William E, Logan. 
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26^.— Geaottb, composed of febpar (some* In im ciys*- 
tals)^ ^mrtz^ mi black mica. — ^Mount Johnstone, St. John’s, 
River Richelieu, Lower Canada. 

265. — Granulite, lepttkitb, or pelspathic grakite, 
a compound of roseate felspar and quartz* From a boulder. 
— Near Montreal, Lower Canada. 

266. — Syenite, composed of large fragments of horn- 
blende^ with flesh-coloured felspar and quartz. From a 
dyke occurring in a range of syenitic hills. — Maskmenga, 
St. Lawrence, Lower Canada. 

267. — Syenitic granite, containing garnets, and com- 
posed of crystals of white felspar, quartz, hornblende, and 
silvery mica. — Saddleback Mountain, State of Maine, United 
States. 

268. — Syenite, composed of light flesh-coloured felspar 
(some in crystals), with quartz, and hornblende, — Near 
Montreal, Lower Canada. 

269. — Syenite, composed of flesh-coloured felspar, quartz, 
and hornblende. Part of a boulder. — ^Near Montreal, Lower 
Canada. 

270. — Syenite, composed of flesh-coloured felspar, quartz, 
and a small proportion of hornblende. Part of a boulder. — 
Near Montreal, Lower Canada. 

271. — Greenstone, composed of, for the most part, im- 
perfect crystals of white felspar m a base of hornblende. 
The specimen shows a weathered surface, with decomposing 
felspar. — ^Beleiul Mountain, near Chambley River, Lower 
Canada. 

272. — Syenite, an iiTegular mixture of pink felspar, 
quartz, and hornblende. — By town Canal, Johnson Falls, 
Upper Canada. 

273. — Syenite, composed of hornblende in a felspatho- 
quartzose base. Part of- a dyke. — Montreal Mountain, 
Lower Canada. 

274. — Syenite, composed chiefly of labradorite T^ith 
hornblende, and a small quantity of translucent quartz* 
Part of a boulder. — Near Montreal, Lower Canada. 
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275. --]SFAPOLBOintE> or orbiculab GBBiNStoNiir,’*^ com- 
posed of spheroidal concretions of white felspar and horn- 
bUnde^m a more hornhlendic base. The specimen is travei^ed 
by a fissure filled principally with white felspar, which has 
cut through the spheroids, displacing the divided portions 
from their original positions after the manner of a fault — 
Corsica. 

276. — Syenite, composed of felspar^ hornhlendSy and 
quartZy in contact with a basalt dyke. — Montreal Mountain, 
Lower Canada. 

277. — Felspak PORPHYRY, composed of crystals of /<?/- 
spar in a felspathic base, with small cavities, containing 
minute cubes of purple Jiuor spar; part of a dyke. — 
Chambley Canal, Lower Canada. 

278. — Syenite, composed of hornhlendey flesh-coloured 
felspar^ and a small quantity of quartz, — ^Australia. Pre- 
sented by J. B. Jukes, F.R.S. 

279. — Basalt, containing crystals of hornblendcy felspar 
{Albite) and olivene ; Australia. — Presented by J. B. 
Jukes, F.R.S. 

280. — Compact greenstone, composed chiefly of horn- 
blende, with a small quantity of felspar. The specimen 
has an irregularly weathered surface. Part of a boulder. 
— ^Berthier, St. Lawrence, Lower Canada. 

281. — Basalt, showing a weathered surface, and con- 
taining large crystals of hornblende , — Montreal, Lower 
Canada. 

282. — Amygdaloid trap, the kernels filled with crystals 
of stilbite (coated with green earth), which are sometimes 
replaced by quartz {rock crystal). Part of a boulder. — 
Hostis Bluff, Nova Scotia. 

283. — Amygdaloid, with decomposing kernels of green 
earth, — Mountain of Montreal, Lower Canada. 

284 and 285. — ^Hornblende rock, composed of crystals 
of Hornblende and anolcime, in a hornblende base. — ^l4ong- 
euil, near Montreal, Lower Canada. 

* See also No. 188, Oaso 1, page 148. 
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286. — Trap rock, crystals of analcime in a hornblendic 
base.— Longeuil, near Montreal, Lower Canada. 

287. — Trap rock, composed of crystals of augite, and 
analcime in a hornblende base. — Montreal Mountain, Lower 
Canada. 

288. — Labrapoiute. Part of a boulder. — Montreal, 

Lower Canada. 

289. — Serpentinous rock, with small octohedral crystals 
of chromate of iron on a weathered surface. — ^Brompton 
Pond, Canada West. 

290. — Slaty tourmaline, Levant Mine, St. Just, 
Cornwall. 

291. — Mica rock, principally composed of laminae of 
black mica. Part of a boulder. — Near Montreal, Lower 
Canada. 

292. — Breccia, composed of fragments of quartz grit^ 
cemented with black chert. Part of a boulder. — Near 
Montreal, Lower Canada. 

293. — Actynolite. 

294. — Basaltic uyke, cutting through slates, and con- 
taining crystals of hornblende, black mica, and kernels of 
calc spar. — Toulinquet, north coast of Newfoundland. 
Presented by J. B. Jukes, F.E.S. 


Table-case B in Recess 6. 

Collection of Lavas, Ashes, Simple Minerals, ^.,from the 
district of the Extinct Volcanos of the Papal States. 

Arranged and described by H. W. Bristow. 

The date of the extinct volcanos of the Homan States has 
been satisfactorily determined by the researches of Sir 
Roderick Murchison and Sir Charles Lyell, by both of 
whom it has been referred to the Coralline Crag period of 
the older Pliocene. The earlier volcanic rocks of this dis- 
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trict rest conformably on, and are interstratified with, the 
shelly marls of the Subapennine Hills, the fossils of which 
have a specific agreement with those of the Suffolk crag of 
this country. 

Hence it appears that the volcanic rocks in question are 
of submarine origin, and that they were formed by erup- 
tions which took place during the period when the strata 
forming the Subapennine Hills were in the course of depo- 
sition. (Lyell’s “ Manual of Elementary Geology,’* p. 535.) 


1 — VoLCANio BOMB of seoriaccous lava, from the beds 
near the Villa Falconieri, above Frascati. 

2. — Fine-grained marly tufa, beyond Sta. Agneso, 3 
miles from Eome. 

3. — Tufa, composed of minute fragments oi' earthy leucite^ 
mica, augite, &c., beyond Sta. Agneso, 3 miles from the 
Porto Piafuori at Rome. 

4 — Yellowish tufa, witii imi)ressions of a fern . — 
From the end of the road from Ponte Porphio to Frascati. 

5. — Tufa, with yellow decomposed puniice, augite, leucite, 
and a few small scales of mica, forming erratic blocks scat- 
tered over the Aventine and Esquiline Mounts inside Rome. 

6. — Brick-red tufa, with fragments of grey lava, 
leucite, augite, and calc spar, forming a great deposit 
beyond Sta. Agnesc. 

7. — Grey tufa, composed of minute i'ragments of lava, 
leucite, augite, and mica, forming a groat deposit on the 
Capitoline Mount, inside Rome. 

8. — Tufa, composed of fragments of augite, mica, and 
earthy leucite, with lava, decomposed pumice, &c., from 
the prolongation of Monte Esquilino, beyond Porto San 
Giovanni, 3 miles from Rome. 

9. — Brick-red tufa, from the Aventine Mount. Pre- 
sented by Warington W. Smyth, F.R.S. 

10. — Tufa, with fragments of lava, augite, mica, calc 
spar, &c., forming the nucleus of the Capitoline Hill. 
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Ufw» ' 11 .— Tufa, composed of decomposing glasty felspar^ 

Gax^t* fragments of grey lava^ attgite^ and specks of silvery 
— From the basin of Lake Baccano, on the road to 
in B <pt » 6. Monte Rossi. 

12 Bbowx cellular tufa, some of the cells filled 

with yellow pumiceous remains^ with earthy leucite^ augite^ 
a little mica^ &c. — Monte Pincio, inside Rome. 

13. — Compact tufa, with earthy leucite, fragments of 
pumicey micay and augite.—Yrom the Olive Grove of Valdo 
Ambrini. 

14. — Brick-red tufa, with fragments of lavay pumicey 
earthy leucitey augitCy micay and metamorpkic marble, — From 
Monte Verdi, 2 miles from Rome. 

15. — Spongy tufa, full of yellow pumicey partly stained 
with oxide of iron and fragments of glassy /efepar.— From 
the basin of the ancient lake Baccano, on the road to Monte 
Rossi. 

16. — ^Brown tufa, with earthy leucite and fragments of 
brown lavay augitCy &c.— From the summit of the Quirinal, 
5 feet below the roadway in front of the Palazzo della 
Consulta, Rome. 

17. — Granular tufa, composed of pieces of pumicey 
augitCy and UucitCy overlying No. 12. — Monte Pincio, inside 
Rome. 

18. — Reddish-brown tufa, with fragments of grey lavuy 
mica, and much earthy leucite , — From the summit of the 
Quirinal, inside Rome. 

19. — Grey tufa, with leucitey &c.— Near the gate of 
Santo Spirito, inside Rome. 

20. — Stony tufa, composed of pieces of lavuy pumicCy 
and asheSy with augitCy miccty and earthy leucite , — From the 
Vatican at Rome, found in 1818 in digging the foundations 
of the Chiaramonti Museum. 

21. — Tufa, with included fragments of pumiceous lavuy 
with earthy leucitey crystals of glassy felspary &c., occur- 
ring at the surface near the first gate beyond Tor Di 
Quinto. 
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22 and 23. — Varieties of tufa from Monte Verdi, used 
for the ordinary building stones of Rome. — ^Presented by 
Warington W. Smyth, F.R.S. 

24. — Grey pepbrino, with augite, calc spar^ mica^ &c., 
from the lower portion of the mass. — Albano. Presented 
by Warington W. Smyth, F.R.S. 

25. -^Grbt peperino, with fragments of scoriaceous lava, 
uugite^ mica^ and carbonate of /me.— From Marino. 

26. — Grey peperino, with fragments of scoriaceous lava^ 
augite^ mica^ and large fragments of carbonate of lime 
(inetamorphic limestone). — Marino . 

27. — Grey peperino, with fragments of lava., augite^ 
leucite, and mica. — From the great cavern under Marino. 

28. ~Greyish peperino, with micUy calc spar, and crys- 
tals of augite. — Gensano. 

29. — Grey peperino, containing green and black micay 
with crystals of leucite, augite, and olivine . — From the lake 
below Marino. 

30. — Grey peperino, with fragnoents of lava, augite, 
leucite, mica, and calc spar (some in crystals). — Paiitanollo, 
3 miles from Marino. 

31. — Ash-ore Y peperino, with fragments of lava, augite 
and mica, and a large crystal of the latter, — From the 
ascent to Ariccia. 

32. — Grey peperino, with augite, small scales of mica, 
leucite, and fragments of metamorphic limestone . — ^Albano. 

33. — VoLC^iNic ASH, with small fragments of augite.— 
From Tempesta, in the basin of Lake Albano. 

34. — Brick-red ashes, with fragments of augite and 
leucite, forming the bed of the basaltic lava stream of Capo 
di Bove. 

3^^.-.>#GKEYisn- WHITE ASHES. — Monte Artemisio, near 
Velletri. 

* These are used, when mixed with lime, for making the cement 
called Pozzuolana. 
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V 2 FSZ 36. — ^^Gret ashes. — Monte Albano and Monte Artemisio, 

GALLBBX. Tr 11 X . 

near Velletn. 

0 ^ 37. — ^*Eed ashes. — ^From the lava on the hills near San 

inSeoesse. Paolo, 3J miles from Rome. 


38. — ♦Volcanic cinders, composed of pieces of sconce^ 
earthy leucite^ &c. — Lake Nemi. 

39. — Fragments of volcanic cinders. — ^Monte Cavo, 
above Albano. 

40. — Cinders. — Forming a part of Monte Cappuccini, 
near Velletri. 

41. — ♦Cinders. — From Monte Cimino, between Velletri 
and Gensano. 


42. — ^Pumice. — From Caprasola, east of Monte Cimino. 

43. — ^Yellowish pumice. 

44. — ^PuMicEOUS lava, with included fragments of grey 
scoriaceouslavay similar to the lava of the Phlegrasan Fields, 
near Naples. — From the neighbourhood of Eonciglionc. 

45. — ScoRiACEOUS (approaching to pumiceom) lava, 
witli included crystals of decomposed Braccianesse. 

46. — ScoRiACEOUS LAVA, SLIGHTLY POROUS. — Forming the 
base of the basaltic lava stream of Capo di Bove, near 
Rome. 

47 . — ^Brown vesicular scoriaceous lava.— Ticchiana, in 
the Campagna. 

48. — Grey vesicular scoriaceous lava. — From a rapidly 
flowing stream below the mills on Lake Nemi. 

49. — Scoriaceous and vesicular lava, some of the 
cavities containing leucite . — From the summit of Monte 
Malchio, near Velletri. 

50 — Reddish-brown vesicular scoriaceous lava. — 
Monte Cappuccini, near Velletri. 

51. — Greyish lava. — ^Lake Albano. 

^ These are used, -when mixed with lime, iot making the cement 
called Fozzuolana. 
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52. — Semi-vitkified scoriaceous lava.— From the most 
ancient summit of Monte Artemesio, near Velletri. 

53. — Brown vesicular scoriaceous lava. — ^Monto Porfio 
and the Tusculan hills above Frascati, 
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54. — Scoriaceous lava, finely vesicular in the interior, 
and with some of the cavities filled with leucite , — Monte 
Cappuccini, 

55. — Scoriaceous lava, with a crystal of augite. — From 
the lower portion of the basaltic lava stream of Capo di 
Bove. 


56. — ^Lava, with very minute cubical crystals of hyacinth 
{zircon ). — From the summit ofTusculum, above Frascati. 

57. — Trachytic lava, with glassy felspar, angular frag- 
ments of black and grey vesicular scoriaceous lava and 
decomposed crystals felspar in a felspathic base. — East- 
south-east of Viterbo. 


58. — Trachytic lava, with crystals of glassy felspar 

Mansiana, near Bracciano. 

59. — Trachytic lava, with glassy felspar, oxide of iron, 
&c. — Near Bracciano. 

60. — Earthy trachytic lava, with crystals of mica and 
glassy felspar. — From volcanic conglomerate, on the ascent 
to Cignanello, east of Monte Cimino. 

61. — Trachytic lava, crystals of glassy felspar and 
mica in a felspathic base. — North of Monte Cimino. 

62. — Trachytic lava, with crystals of glassy felspar, 
black mica, &c. — Bagnajti, near Viterbo. 

63. — Trachytic lava, with crystals of glassy felspar 
(one of large size), and mica, in a decomposing felspathic 
base. — Monte Soriano and Monte Cimino, 

64*. — Trachytic lava, with crystals of glassy felspar, 
mica, and small fragments of augite. — From Madonna del 
Poggio, between Bassano and Bomasto. 

65. — Trachytic lava, with crystals of avpite and glassy 
felspar. — From the hills near Vignanello, south-east of 
Monte Cimino. 
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o2Sbt 66.— Teachttic lava, with crystals of glassy /ehpar 

— ^ * and mica, and fragments of augite. — From the mountain 
Tablg^ about a mile from Viterbo. 

in&eceM6 67. — Teach r TIC LAVA, with crystals of glassy felspar 

and mica and small specks of augite . — Near Baslanello, 
east south-east of Monte Cimino. 

68. — Trachttic lava, with crystals of glassy felspar^ 
micay and small fragments of augite. — From Bomargo, east 
north-east of Monte Cimino. 

69. — 'rRACHYTic lava, with Crystals of glassy felspar^ 
mica^ and augitic fragments. — ^Near Bagnaja, east of Monte 
Cimino. 

70 Decomposed earthy trachyte. — San Leonardo, 

near Pabbrica, east of Monte Cimino. 

71. — Compact porphtritic rock.— Forming the upper 
portion of Monte della Cava Grande, at the alum works 
near Tolfa. 

72. — PoRPHYRiTic ROCK, with decomposed felspar , — 
Forming the second stratum which alternates with the alum 
rocks at Monte della Cava Grande. 

73. — Siliceous and felspathic rock. — Forming the 
upper stratum at the Great Cavern, near Tolfa. 

74. — Grey lava, with crystals oi glassy felspar, — Monte 
Fogliano, above Vitralla. 

75. — ScoRiACEOUS {approaching topmniceous) lava, with 
crystals of glassy felspar, — From Civita Castellana, 

76. — Lava, with crystals of glassy felspar. — From the 
neighbourhood of Bracciano. 

77 — ^Lava, wdth glassy felspar^ ^'c. — From Capo le 
Grotti, near Bassano nella Teverone. 

78. — Lava, with crystals oi glassy felspar and small Hack 
augite. — From Lagodi Vici,Ronciglione, near Monte Cimino. 

79. — Compact lava, with small crystals of glassy felspar 
and augite^ forming a columnar mass, with a rhombic base. 
— ^Near the mill, east-south-east of Viterbo. 

80. — ^Basaltic lava, with felspar and brown calc spar, 

—From Capo di Bove, near Rome. ^ 
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81. — Lava,, with augiJte and calc cpar^ and cracks filled 
with ochreous iron ore {graphic lava,) — From the border 
of Lake Nemi, near the Mills. 

82. — ^Lava, with crystals of glassy felspar^ leucite^ black 
micOy and avgite , — From the fountain near Bassano, east of 
Monte Cimino. 

83. — Leucite {amphigency white garnet), in detached 
trapezohedral crystals. — From the neighbourhood of the 
Tusculan and Alban Hills. 

84. — Lava, with crystals of altered leucite, — From Bor- 
ghetto, 3 leagues from Civita Castellana. 

85. — Lava, with numerous crystals of leucite. — Monte 
Cavo, above Albano. 

86. — ^Porous lava, with crystals of leucite, — From tlie 
hollow under Canapino, Monte Cimino. 

87. — Lava, with large crystals of leucite, and a little 
haiiyne and augite , — From the rock of Travignano, Lake 
Bracciano, 

88. — ^Basaltic lava, with leucite, a little haiiyne and 
breislakite (white augite ), — Capo di Bove. 

^89. — Compact lava, with altered leucite Ruck of 

Travignano, Lake Bracciano. 

90, — Basaltic lava, with leucite, &c. — Capo di Bove. 

91. — SCORIACEOUS lava, with numerous small crystals 
of leucite , — Hannibal’s Plains on Monte Lassiale, above 
Albano. 

92. — Vesicular lava, with crystals of leucite, occur- 
ring in cavities in Pozzuolana (volcanic ashes), on Mont(^ 
Albano. 

93. — Lava, with large crystals of leucite and avgite, 
haiiyne, kc., occurring in volcanic conglomerate, near 
Osteria, on the road to Albano. 

94, — Cellular lava, with opaque decomposed crystals 
of leucite, — Strada della Fontanella, near Cariapina, Monte 
Cimino. 

95, — Cellular lava, with opaque crystals of decom- 
posed leucite , — Strada di Carbognano, Monte Cimino. 
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(uSSy — ^Lava, with crystals of altered leucite^ found in 

-jj — cavities in friable tufa. — ^Vignanello, Monte Cimino. 

ST 97 . — Finely vesicular grey lava, approaching to 

biEeo6B86. pumice, with lines of ashy laminae, and a few crystals of 
leucite. — Found in large masses north-east of Monte 
Cimino. 

98. — Grey lava, in places finely vesicular, and contain- 
ing crystals of leucite and a crystal of garnet — From the 
rock, halfway up Monte Maschio, near Velletri. 

99. — Brown scoriaceous and finely vesicular lava, con- 
taining trapezohedral crystals of leucite^ and disseminated 
scales of black mica* — ^Monte Cavo. 

100. — Basaltic lava, with leucite^ augite, ^c, — Strada 
di Bracciano. 

101. — Detached crystals of augite, from the Tusculan 
and Alban Hills. 

102. — Augite and leucite, found in the ashes on the 
plains of Monte Albano. 

103. — Basaltic lava, with hreislakite {white augite') 
leucite^ &c. — Capo di Bove. 

104. — Basaltic lava, with crystals of leucite augite, 

— Capo di Bove, 

105. — IvAva, with leucite, augite, and haUyne, forming 
masses occurring in a bed of volcanic conglomerate, near 
Osteria, on the road to Albano. 

106. — Lava, composed of augite, leucite. See , — ^Near 
Albano. 

107- —Basaltic lava,* tvith augite, — Capo di Bove. 

108. — Grey lava,* with crystals of augite, — Monte di 
Pofi, near Ceprano, in the Campagna. 

109. — Augitic lava,* interior of the basin of Lake 
Albano. 

110. — ^Pitchstone lava, with crystals of glassy felspar, 
— From the mass on the plain of Galli, near the Alum 
Works at Tolfa. 


^ Nos. 107 to 109 attract the magnetic needle. 
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111. — Obsidian, xoith sphmrulitic pearlstone^ occurring in 

large masses on the east of Monte Cimino. _ /; — 

112. — Obsidian, ditto, ditto. B. 

113 Obsidian {volcanic glass), showing a conchoidal 

fracture and sharp cutting edges. — ^From an isolated mass 
found on the Tusculan Hills above Frascati, and similar to 
that found in the Lipari Isles in the Mediterranean. 

114._Basaltic lava, with mellilite, felspar, calc spar, 
and acicular prismatic crystals of apatite {phosphate of lme\ 
—Capo di Bove. 

115 and 116. — ^Basaltic lava,* with melUlite, 

117. — Basaltic lava,* with aiigite, mellilite, nepheline, 
and felspar. 

118. — ScouiACEOUS LAVA,* with hrcislokite, leucite, 
augite, and pseudo-nepheline. 

119. — Basaltic lava,* loith mellilite, decomposed fel- 
spar, &c. 

120. — ^Basaltic lava,* ivith decomposed felspar, 

121. — Basaltic lava,* with mellilite, leucite, and augite. 

122. — ^Basaltic lava,* with mellilite, nepheline, and 
leucite. 

123. — Basaltic lava,* ivlth mellilite, abrazitc, nepheline, 
apatite, &c. 

1 24. — CoaiPACT lava,* with calc spar stained by oxide of 
manganese, mellilite, and acicular crystals of apatite. 

125. — Basaltic lava,* with crystals of apatite, mellilite, 
nepheline, and augite. 

126. — ^Basaltic lava,* with mellilite, apatite, and ahrazite. 

127. — Olivine,* ivith green augite, occurring in pozzuo- 
lana, on the plains of the Tusculan and Alban Hills. 

128 and 129. — Basaltic lava,| with nepheline, 'mellilite, 
apatite, and hreislakite. 

130. — ^Basaltic LAVA,f with breislakite arid apatite. 

* Nos. 115 to 127 are from Capo di Bove; and Nos. 115, 116, 117, 

119, 120, 124 attract the magnetic needle. 

t Nos. 128 to 130, from Capo di Bove, attract the magnetic needle. 
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181. — ^Basaltic lava,* with breislakUe (stained by oxide 
of manganese), apatite^ and ahrazite, 

132. — CoMi’ACT basaltic lava,^ with ahrazite. 

133. — ^Basaltic lava,^ with ahrazite on calc epar^ 

134. — Basaltic lava,* with crystals of nephlinee, car* 
honate of copper^ leudte^ ^c. 

135. — Basaltic lava,* with augite^ leucite^ breislakiU^ 
nepheline^ and apatite. 

136. — Basaltic lava,* with meeotype. 

137. — Idocrase, with small scales of mtca, and pale grey 
(lecoinposed nepheline, — ^From the decomposed ashes of 
Monte Albano. 

138. — Granular icespar, iridescent augite^ melanite^ 
and scales of black mica. — Found lining cavities inpepefino 
round the sides of Lake Albano. 

139. — Icespar, with rhombic dodecahedrons of melanite, 
— From the peperino in the neighbourhood of Albano. 

140. — Detached prismatic crystals of mica. — From the 
Tusculan and Alban Hills. 

141. — Lamellar mica. — From the ashes of the Roman 
States. 

142. — Mica, with augite and felspar. — From the loose 
peperino of Latium. 

143. — Mica, crystallized on small green crystals augite. 
— From the borders of Monte Cavo. 

144. — Hexagonal prisms op mica, with augite^ huiiyne, 
olivine, &c. — From Monte Cavo, above Albano. 

145 . — Mica in green laminoe, and in black hexagonal 
crystals, with chrysolite {olivine) and phillipsite. — ^Monte 
Albano. 

146. — Augite, with black mica. — From Monte Albano. 

147. - Leucite, with idocrase and mica. — From the 
neighbourhood of Lake Albano, 

148. — Mica, augite, and crystals of melanite. — From 
Monte Albano. 


* Nos. IS] to IS6, ftom Capo di Bove, attract the magnetic needle. 
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149. ~GrBEEN mciLwiih koMyne.^VomiA in grey pepo- 
rino round the basin of Lake Albano. 

150. — Hauynb, with scales of green mica, — Occurring in 
hollows in the peperino at the base of Monte Cavo, above 
Albano. 

151. — Hauyne, iwtcfl, olivine^ &c. — Monte Cavo. 

152. — Mass of crystals of augitk, with black mica, — 
Found*in the red ashes on the plains of Monte Cirnino. 

153. — Detached dodecahedral crystals of melanite {black 
garnets of Frascati,) 

154. — Green MICA and octohedral crystals of pleonaste 
{black spinel) in a base of granular augite, — From the 
decomposed ashes on the plains of Monte Albano. 

1 55. — Sp INEL {so7ne in small octohedral crystals), — From 
decomposed ashes on the plains of the Tusculan and Alban 
Hills. 

156. — Wad or earthy manganese. — From the moun- 
tains near Civita Vecchia. 

157. — Titaniferous iron, with quartz, — From the 
neighbourhood of Marino. 

158. — Titaniferous iron (ilmenite), in detached 
grains, which attract the magnet. — Tusculan and Alban 
Hills. 

159. — Sand, composed of small grains of titaniferous 
iron^ with fragments of augite^ ashes^ and pieces of leucite, 
— From Lake Albano. 

160. — Sand, composed of small grains of titaniferous 
irony fragments of augitCy glassy felspar y oliviney scoriaceous 
lavOy exA pumice, — From the Lake of Bossena. 

161. — Iron pyrites {sulphide of iron), — From Monte di 
Salisano. 

162. — Spathic iron {carbonate of iron), — From Monte 
Ernici, in the Campagna. 

163. — ^Peroxide of iron. — From Guercino, in the Cam- 
pagna. 

164. — ^Nodule of clay ironstone.— From the Umbrian 

HiUs. 
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165. — ^Nodule of CLAY ibonstoke, — ^F rom Magnano^ 
of Monte Cimino. 

166. — Grey sulphide of antimony. — From the hills 
near the Alum Works on Mount Tolfa . 

167. — Bitumen, uoith white limestone. — From Castro, in 
the Campngna. 

168. — Bitumen (asphalte). — From the hill under the 
lighthouse of Sabina. 

169. — Sulphur on peperino, which has been decomposed 
by sulphurous acid gas. — From the road to Albano. 

170. — Minute crystals of sulphur, on a rock composed 
oi felspar^ augite^ and mica^ which has been decomposed by 
sulphurous acid gas.— From a mass near Bracciano. 

171. — Detached hexagonal prisms of rock crystal* 
(“ Tolfa diamonds with double pyramidal terminations. 
— From a rock near Tolfa. 

172. — Quartz rock,* in ^yhich the rock crystals No. 171 
are found. 

173. — Chalcedonic quartz.* — From a hill amongst the 
Alum Works at Tolfa, near Civita Vecchia. 

174. — Semi-oi’AL* {quartz resinite), 

175. — Concretionary and aluminous quartz rock,* with 
small cavities, which are lined and filled with cubical and 
octobedral crystals of alumstonc . — Found in the hollows of 
the rock ; used for making alum at the works at Tolfa# 

176. — Fluor sp.ul* 

177. — Galena (sulphide of lead)’* with fluor spar. 

178. — Blende (sulphide of zinc)* with galena^ copper 
pyrites^ and fluor and calc spar. 

179. — Alumstonk.* — From the White Cavern. 

180. — Alumstone.* — ^From the Basaltic Cavern. 

181. — Alumstone.* — From the Castellina Cavern. 

182. — Alumstone.* — From the Great Cavern. 

183 Siliceous alumstone.* — From the Great Cavern. 


Nos. 173 to 187 are from the neighbourhood of the Alum Works 
at Tolfa, near Civita Vecchia. 
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184. — Aluminous rock.* — ^F rom the Old Cavern. GaSbry 

185 ^Alumstone* which has been roasted. — . 

186. — Alumstone* which has been roasted and macerated 
in water. 

187. — Purified alum* {the alum of commerce)^ obtained 
from alumstone by roasting and macerating in water, from 
which it has been deposited in crystals. 

188. — Altered FELSPATinc rock, with \\h\iQ felspar , — 

From the mass composing tlie hills between Tolfa imd the 
Alum Works. 

189. — Altered felspathic rock, with cmbical crystals 
of alumstone, -^Yrom the Alum Works near Tolfa. 

190. — Sand, composed of titaniferous iron^ augite, leucite^ 
olivine^ &c. — From the road to Bracciano. 

191. — Sand, composed of fragments of felspar, augite, 
tufa, lava, and pumice, — ^From the Chian Hills, north of 
Monte Cimino. 

192. — Felspathic sand, with fragvnents of scoria, Ufa, 
lava, and augite, — From the base of MouUj Cimino. 

193. — Sand composed of minute grains of augite, leucitc, 

&c., forming a bed below the foundry, on the ro«,d to Lake 
Bracciano. 

194. — White and brown calc spar, the latter probably 
discoloured by organic matter, accompanying the brown 
iron ore (No. 162.) 

195. — Clay. — From the decomposed trachyte of Monte 
Cimino. 

196 . — Grey calcareous pipeclay, used for making 
pottery. — ^From the Vatican Hill, south of St. Peter’s, in 
side Rome. 

197. — Fetid limestone {stinkstone), — From tlic peperin« 
of Monte Albano. 

198. — White marble {metamorpkic limestone), — From 
the peperino of Monte Albano, 


* Nos. 184 to 187 are from the neighbourhood of the Alum Works 
at Tolfh, near Oivita Vecchia. 
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199. — Selenite, — ^From the Great Altar, near Tolfa; 

200. — White gypsum {alabaster), — ^Tolfa. 

201. — Aragonite. — Monte CJapuccini, near Orta. 

202. — Bole. — Found in crevices of tufa near the church 
of San Lorenzo, outside the walls of Rome. 

203. — ^Bole. — Found in a large hollow in decomposed 
peperino, outside the Porto San Giovanni, four miles from 
Rome. 

204. — ^Bole. — ^Found in crevices of the basaltic lava 
stream of Capo di Bove. 

205. — ^Fine OLAY. — ^Found in the veins of alum rock in 
the Great Cavern. 

206. — Travertine. — From the lake near Tivoli. 

207. — Calcareous Tufa {stinkstone), — Travertine from 
Lake Tartarus, below Tivoli. 

208. — TitAVERTiNK, deposit of carbonate of lime with 
spherical cavities pi’oduced by the escape of carbonic acid 
gas. — From the spring near the lake of the floating island 
below Tivoli. 

209. — Travertine, calcareous deposit inclosing the shells 
of snails. — Occurring in the volcanic tufa at the descent 
from Porto Solaro, 2 miles from Rome. 

210. — Travertine (“ Tivoli travertine — Calcareous 
deposit from the neighbourhood of the lake of the floating 
island below Tivoli. 

211. — Limestone, with a portion of univalve shell. — 
Monte Mario, neai* Rome. 

212. — Limestone, enclosing a io^silbivalve shell. — Monte 
Mario. 

213 and 214. — Met amorphic LiMBSTONB.~From the 
Apennine chain of the Roman States. 

215. — Stalactitic carbonate op lime. — ^Fromthe grotto 
of Collepardp, on Monte Ernici, in the Campagna. 

216. — Stalactitic carbonate op lime. — ^From the Cas- 
cade below the temple of the Sibyl, at Tivoli. 

217. — Stalactitic carbonate op lime. — From Subiaco, 
in the Campi^ua. 
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218. — Stalagmite (commonly caUed travertine of 

Tivoli^\ and found in hollows of large mssses at the — 

' T t r« Table-ca«e 

limestone cavern, near Lake Tartarus. B. 

219. — Calcareous tufa or travertine, a stalactitic mHeowse. 
carbonate of lime. — From the cascade near Torni.* 

220. — Tufa, a calcareous deposit investing stems of 
plants, — ^From below the bastion of Paul V., on the Aven- 
tine Mount, inside Rome. 

221. — Calcareous tufa, with impressions of vegetables. 

— Forms the Pincian Hill, both inside and outside Rome, 
underlying volcanic tufa. 

222. — Calcareous tufa, with the impression of a leaf — 

Monte Pincio. 

223. — Calcareous tufa, incrusting stems of vegetables. 

— ^Below the bastion of Paul V., on Mount Aventine, inside 
Rome. 

224. — Conglomerate (j^uddingstone) calcareous and 
siliceous pebbles in a hard calcareo- arenaceous base. — 

From the bridge of St. Onofrio, near Monte Mario. 

225. — Conglomerate. — Forming Monte Sacro, and over- 
lying the elephant gravel, near Ponte Salaro, 3 miles from 
Rome. 

226. — Conglomerate, with augitic fragments^ overlying 
brecciated tufa. — From the deposit below the bridge beyond 
Sta. Agnese, 3 miles from Rome. 

227. — Conglomerate, composed of calcareous and sili- 
ceous pebbles in a silicio-calcareous base. — Forms a portion 
of Monte Mario, near Rome. 

228. — Compact calcareous conglomerate. — From the 
Vatican Hill, outside Rome. 


* “ The calcareous waters of the Anio Incrost the reeds which 
grow on its banks, and the foam of the cataract of Tivoli forms beantifhl 
pendant stalactites. On the sides of the deep chasm into which the 
cascade throws itself, there is seen an extraordinary accumulation of 
horizontal beds of tu& and travertine, hrom four to five hundred feet in 
thickness.*' — LyelVa Principles of Geobgy, pi 341. 
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oSmSt — Calcaheous beeccia, composed of fragments of 

Ta]£^ wete«iorj?Aic limestone^ and found in the crevices of the 
jj^ limestone forming the “Apennine chain of mountains. 
inEeccws. 230. — PuMicEOUs CONGLOMERATE, Overlying beds of 
calcareous breccia, and associated with beds of volcanic 
tufa. — From Sta. Agnese, 3 miles from Rome. 

231. — Conglomerate o/* A pumice cemented by 

earthy tufa, overlying brown granular tufa on the Pincian 
Hill, inside Romo. This conglomerate forms the upper 
portion of all the liills inside and around Rome. - 

232. — Fragment of a fossil elephant’s tusk. — ^From 
the interior of Monte Saero, near Ponte Salaro, 3 miles 
fi'om Rome. 

Lavas and other Products of Ekuption from Etna. 

Etna. — After Vesuvius (see p. 164) our most authentic 
records relate to Etna, which rises near the sea in solitary 
grandeur to the height of nearly 11,000 feet. The base 
af the cone is almost circular, and 87 English miles in cir- 
cumference ; but, if wo include the whole district over 
which its lavas cxtenil, the circuit is probably twice that 
extent. 

The cone is divided by nature ijito three distinct zones, 
called the fertile, tlio woody, and the desert regions. The 
first of these, comprising the delightful country around the 
skirts of the mountain, is Avell cultivated, thickly inhabited, 
and covered with olives, vines, corn, fruit-trees, and aromatic 
lierbs. Higher up the woody region encircles the mountain, 
an extensive forest six or seven miles in width, affording 
pasture for numerous flocks. The trees are of various 
species, the chestnut, oak, and pine being most luxuriant ; 
while in some tracts are groves of cork and beech. Above 
the forest is the desert region*, a waste of black lava and 
scoriae, where, on a kind of plain, rises the cone to the 
height of about 1,100 feet, from which sulphureous vapours 
are continually evolved. The most grand and original 
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feature in the physiognomy of Etna is the multitude of 
minor cones which are distributed over its flanks, and which — 
are most abundant in the woody region. These, although 
they appear but trifling irregularities, when viewed from a inBecessS. 
distance, as subordinate parts of so imposing and colossal a 
mountain, would, nevertheless, be deemed hills of consider- 
able altitude in almost any other region.” — ^Lyell's Prin- 
ciples of Geology,” 7th edition, chap. xxv. 

The positions and mode of occurrence of the minor cones 
are marked on the relief model by M. Elie de Beaumont, 
which accompanies the specimens. Being constructed on a 
true scale (that is, on the same scale for heights as for dis- 
tances), it shows the more clearly the very gradual rise of 
the surface from the sea to the foot of the great crater, and 
the extremely insignificant size of the lateral cones when 
compared with that of the principal crater. It also renders 
evident, that enormous volumes of mattei’ must have been 
discharged to have formed an accumulation of such magni- 
tude as that fonning the base of the mountain, or more 
correctly, of the great cone, which constitutes the present 
mountain. 

Without enumerating numerous monticules of ashes 
thrown out at different points, there are about 80 of these 
secondary volcanos, of considerable dimensions, 52 on the 
west and north, and 27 on the cast sides of Etna. One of 
the largest, called Monte Minardo, near Bronte, is upwards 
of 700 feet in height, and a double hill near Nicolosi, called 
Monte Rossi, is 450 feet high, and the base two miles in 
ch’cumference, so that it somewhat exceeds in size Monte 
Nuovo. Yet it ranks only as a cone of the second magni- 
tude amongst those ])roduced by the lateral eruptions of 
Etna.” (See model.) “ The greater number of eruptions 
happen either from the great crater or from lateral openings 
in the desert region.” — ^Lyell’s ‘‘ Principles of Geology,” 
chap. XXV. 

Etna is known to have been in activity for at least 2337 
years, the earliest authenticated eruption having taken 
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Vm» place about 480 b.c., but there is geological evidence to 
prove that it has been an active volcano for a far greater 
period. 

iaUedwia The deep valley on the eastern side of Etna, called the 
Val del Bove, which extends from the woody region nearly 
to the summit, is especially deserving of notice fi‘om the 
insight it affords into the structure of the entire mountain. 
(See model.) In the nearly perpendicular precipices, vary- 
ing from 1000 to 3000 feet in height, which enclose on 
three sides the great plain forming the Val del Bove, the 
volcanic beds composed of tuffs, lavas, and breccias, which 
form its sides, are well displayed. These are pierced in all 
directions by innumerable vertical dykes, varjdng in width 
from two to twenty feet, and composed of trachyte or of 
compact blue basalt, containing olivine. In consequence of 
their greater hardness these dykes are better able to resist 
the disintegrating effects of atmospheric influences than the 
rocks traversed by them ; they, therefore, waste away less 
rapidly than the latter, and project from them in vast 
tabular masses, of various forms, and of great height. 

“ There are no records within the historical era which 
lead to the opinion that the altitude of Etna has materially 
varied within the last 2000 years. Of the 80 most conspi- 
cuous minor cones which adorn its flanks, only one of the 
largest, Monte Rossi, has been produced within the times of 
authentic history. Even this hill, thrown up in the year 
1669, although 450 feet iu height, only ranks as a cone of 
second magnitude. Monte Minardo rises even now to the 
height of 750 feet, although its base has been elevated by 
more modern lavas and ejections. ♦ # # 

“ To some, perhaps, it may appear that hills of such inco- 
herent materials, as the loose sand and scoriae of which the 
lateral cones of Etna are composed, cannot be of very great 
antiquity, because the mere action of the atmosphere must, 
in the course of several thousand years, have obliterated 
their original forms. But there is no weight in this objec- 
tion, for the older hills are covered with trees and herbage, 
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which protect them from waste ; and in regard to the newer itpfbb 

ones, such is the porosity of their component materials, that 

the rain which falls upon them is instantly absorbed ; and 

for the same reason that the rivers on Etna have a subter- in Recess 0 . 

ranean course, there are none descending the sides of the 

minor cones. * * . # # # 

No sensible alteration has been observed in the form of 
these cones since the earliest periods of which there are 
memorials ; and there seems no reason for anticipating that 
in the course of the next 10,000 or 20,000 years they will 
undergo any great alteration in their appearance, unless 
they should be shattered by earthquakes or covered by 
volcanic ejections.” — ^Lyell’s Principles of Geology,” 7th 
edition, chap. xxv. (H, W. Bristow.) 


233. — Trachyte, with crystals of augite^ from the neigh- 
bourhood of Milo. 

234. — ^Titaniferous iron-sand, from the crater of 
1819. 

235. ^Lava, with minute crystals of specular irony from 

Monte Calvano. 

236. ^Basaltic lava, loith meUiUte and Thomsonite, 

237. — Specular iron, crystallized on scoriaccous lava, 
from Monte Rossi. (Eruption of 1669.) 

Monte Rossi is a double cone, rising to a height of about 
450 feet, about 20 miles from the summit of Etna. It was 
formed during the eruption of 1669. 

238. — SCORIACEOUS LAVA, with crystals of glassy felspar, 
from below Monte Vituri. 

239. Sulphur, crystallized on scoriaceous lava, from the 

interior of the crater of 1819. 

240. — ^Volcanic ashes. 

241. Consolidated volcanic ashes cementing sea 

shells , from the extinct volcanos south of Etna. 

242. ^Basaltic lava, with olivine and a little augite, 

from the hill of Paterno, 
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' 262 .--»Lata from a ^^hocea^ showing the manner in 
which, when the head of a lava stream has been forced 
through a narrow aperture, it assumes a stalactitic form in 
cooling during its descent. 
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APPENDIX. 

SPECIMENS ADDED SINCE THE PRINTING OP THE 
PRECEDING PART OF THE CATALOGUE. 

Table-case D. 

Specimens connected with the phenomena of Glaciers 
and Drift Ice, collected, arranged, and described by 
A. C. Ramsay. 

29a. — Angular stones with natural fractures, from Tabie-ciiso 
moraine in motion near the junction of the Finster Aar and ^ 
Lower Aar glaciers, 

34a. — ^Ditto, — Uirper Grindelwald glacier, 

34b. — Granite pebble, rounded and waterworn, in 
motion on the side-moraine Upper Grindelwald glacier. 

These specimens (29a and 34a) are intended to illus- 
trate the angularity of the majority of moraine stones on 
the surfaces of glaciers, most of which are, in the first 
instance, detached by the effects of frost from the solid 
rocks of the mountain sides, or from smaller bosses that 
project through the ice like islands. They are of all sizes, 
from grains of sand up to blocks, occasionally 20 yards in 
diameter, and the majority of them never having been under 
the ice are not scratched like Nos. 35 and 36a. Rarely a 
rounded pebble like 34b occurs among them, especially in 
the lower part of the glacier, owing to the* circumstance 
that occasionally stones that have been rounded by attrition 
in mountain brooks, find their way to the surface of a 
glacier. 

34c. — Angular scratched limestone pebble. — Ter- 
minal moraine, Upper glacier of Grindelwald, 

35a. — ^Angular scratched limestone pebble, from 
under the ice. — Lower glacier of Grindelwald, 

This specimen, like the other loose scratched stones, has 
been scratched by being imprisoned between the massive 
ice and its rocky floor during the downward passage of the 
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glacier. It was found, among other stones and glacier mud, 
by creeping up an ice-cavern at theend of the glacier. 

35b. — Angulab scbatched limestone pebble. — Ter- 
minal moraine, Lower Grindelwald glacier* 

35c. — Scratched grit stone, in motion, on the side 
moraine Great Aletsch glacier, close above the tribu- 
tary Middle Aletsch glacier. 

This stone was probably marked by one of the higher 
tributary glaciers, in its passage to form part of the great 
side moraine. 

35d. — Angular stones and small moraine debris, 
part of an old terminal moraine at the outlet of the Merjelen 
See, Great Aletsch glacier. 

The Meijelen See is a lake below the Eggischhorn, on 
the east side of the Aletsch glacier, and the glacier sends 
off a branch into the upper end of the lake where the ice 
forms a cliff above the water in places about 60 feet high. 
The total thickness of the ice (by soundings) is about 
107 feet. This branch once tilled the area now occupied 
by the lake, and descending into the Valley of Viesch, 
united tl\e Aletsch and Viesch glaciers. Both glaciers have 
since decreased in size from climatal changes, and at the out- 
let and on the banks of the Merjelen Sec there are still left 
striations and moraine heaps, marking the gradual recession 
of the glacier. (See text and note to page 12.) 

36a. — Scratched piece of limestone, from old moraine, 
on the road from the Rhone valley to the Gemmi, above 
Leuk. Presented by Professor Huxley. 

36b. — Fragments op Gneiss and Granite, from the 
Blocks of Monthey, valley of the Rhone, opposite Bex. 

36c. — SuBANciULAR, but cliicfly ROUNDED STONES, from 
watcrwom stratified gravel, on and in which the Blocks of 
Monthey lie. (See note, p. 7.) 


98a. — Greenstone with glacial striations. — Part of 
the rock on which North Berwick pier is built. 

98b. — Carboniferous limestone showing glacial 
GROOTES and SCRATCHES— Berwick. 
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The specimens 98a and 98b are from the low shores of Tal)1e-cage 
the south coast of the Firth of Forth. On both sides of the 
valley of the Firth, and far inland, there are numerous indi- 
cations of glacial action, both in the drift clay, gravel, and 
boulders that more or less cover the country, and in the 
frequent striation of the rocks where the drift has been 
freshly cleared. By the Firth, these striations run roughly 
cast and west in the main line of the valley, and they are 
commonly believed to have been caused, not by a great 
glacier, but by the grating of icebergs over the rocky floor 
of the sea wlum the land was partially submerged. (See 
page 11.) 

98c. — Striated NiA(iAiiA limestoak. — A loose stone 
from a terrace of northern drift, near the railroad above 
Clifton House, Niagara, Canada. 

98d. — Scratched stone, from a terrace scooped in the 
northern drift, — Montreal, Canada. 

98e. — Striated Niagara limestone. — Top of the gorge 
of the river, near Clifton House, Niagara, Canada. (Lower 
compartment.) 

The specimens from 98c to 98e are placed for comparison, 
and to show the universality of glacial action in the north- 
ern hemisphere. 

From the great Lawrentian chain to the banks of the 
Ohio the Central plains of North America are more or 
less covered by drift, often several hundred feet in thick- 
ness. When removed, the strata on which it rests are 
found to be very generally grooved and striated, the stria- 
tions chiefly running more or less from north to south. 
Examples are so common that they scarcely need enumera- 
tion. They may be well seen down the road from Clifton 
House, near the Falls of Niagara. On the shores of the 
Hudson, and the eastern flanks of the Catskill mountains 
near Catskill, they are also frequent, running along the side 
of the escarpment from north to south, till we reach the 
high minor gorge that traverses the range from east to 
west, and there by Mountain House, nearly 3,000 feet above 
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the 8ea» the striations bend round and cross the watershed, 
as if, when the land was submerged to a certain level, the 
ice, previously grating along the side of the escarpment, had 
found a passage to the west through what is now an upland 
valley. (See page 10.) 

98f. — Shells from deposits overlying- glacial drift. 
— Quebec^ Canada, The strata in which these shells occur, 
consist in great part of remodelled drift, made during the 
erosion of terraces while the country was being re-elevated 
from the sea. 

99. — Stones, showing in part the composition op the 
DRIFT, Shropshire, — Presented by Colonel Legge. 

116a. — Scratched grit stone, from the drift, railway 
cutting, Wigan, Lancashire. 

Placed for comparison with 116 from the Permian con- 
glomerate. Both are naturally scratched by the agency of 
ice, and both have received accidental scratches by the 
pickaxe or shovel. 


Rock Specimens, 

Arranged and described by H. W. Bristow. 

28a. — Tufaceous limestone: {Hard Cap-bed: Lower 
Purbeck,) 

28b. — Tufaceous limestone. Soft Cap-bed of the 
Lower Purbeck, The bed from which the specimen was 
taken, immediately overlies that containing the stools of 
Cycas. 

At the base of the Lower Purbeck, immediately resting 
upon the Portland Stone, there are beds of tufaceous lime- 
stone, which, from their position relatively to the latter, are 
called “cap-beds.” They contain dirt-beds, and, silicified 
fragments of coniferous trees, together with the stems of 
plants allied to Zamia and Cycas; the presence of the latter 
indicates the existence of a warmer climate than that of 
the present period. The dirt-beds are the remains of 
former land surfaces, that is of the soil in which the plants 
grew, while the tufaceous limestones formed over them are. 
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probitbly, for the most part, of subaerial origin, and deposited 
from water highly charged with calcareous matter. 

From the cliff east of Lulworth CVwe, Dorsetshire. 

(See Map 16, Horizontal and vertical Sections, sheet 56.) 

33a. — ^Large crystal of Selenite : {Sulphate of Lime\ 
showing the natural fracture, or smooth plane along which 
that mineral may be cleaved. 

47. — ^Keuper sandstone with fine pseudomorphous crys- 
tals of rock salt. From New Red Sandstone. 

Epworthy Island of Axholrnty Lincolnshire, 

48. — Hard grey, tiiin-bedded, or slaty limestone, the 
upper and under surfaces covered with pseudomorphous 
crystals of rock salt. 

The upper part of the Cypris freestone and the Hard 
Cockle beds in the West Lulworth district, are remarkable 
for containing numerous pseudomorphous crystals of rock 
salt, indicating the existence of conditions at the time the 
beds were forming similar to those of a part of the Keuper 
period. (See p. 38, No. 46.) The surfaces of these thin 
bands of limestone are also thickly covered on both sides 
with Cypris legumenella (E. Forbes), and with occasional 
small pebbles. 

From a bed of limestone 2 feet 6 inches thick, towards 
the upper part of the Cypris Freestone series {Lower 
Purheck) : in the cliffs a short distance east of Lulworth 
Cove, Dorsetshire, 

(Map 16, and Horizontal and Vertical Sections, sheet 56.) 
Bock Specimens, 

Arranged and described by H. W. Bristow. 

lOa. — Ferruginous and siliceous conglomerate, 
formed of angular and subangular pebbles of chalk flint in 
a ferruginous base. 

The low-level gravel in the neighbourhood of Bomsey 
is of considerable thickness, and is used for making the 
roads of the district. The specimen furnishes a striking 
example of the manner in which sand, gravel, and other 
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naturally loose and incoherent materials become hai'dened 
and consolidated into sandstones, grits, conglomerates, &c. 
by the cementing power of iron, and exposure to the at- 
mosphere. Portions of gravel, owing to the presence of 
iron, are occasionally converted into masses of hard conglo- 
merate and puddingstone, as may be seen in the road at 
Kippernham^ whence the specimen was procured. Map 11. 
—Kippernham^ near I^omsey^ Hampshire, 

18a. — CoNGLOMEUATE, composed of rounded pebbles of 
Chalk flints, cemented together by carbonate of lime, and 
forming a recently raised beach, in East Wear Bay^ Folke* 
vtone, Kent 

30a. — Conglomerate formed of pebbles of iron ore in a 
ferruginous base : from New Red Sandstone, 

Bridgenorthy Shropshire, Map 61. S.E. 

34a. — Silurian conglomerate ( Upper Llandovery rock) 
with Petraia, Map 43 N.E. — Malveruy Worcestershire, 

Presented by Miss Phillips. 

41a. — Fine calcareous conglomerate, forming the 
basal bed of Portland Sand; at IlartweUy nonr Aylesbury, 
Buckinghamshire, 

o6 — Hard bluish-grey limestone {Kentish Rag), from 
the lower division of Lower Green Sand: extensively used 
as a building material, — Hythe, Kent, 

— Siliceous sandstone. — Overton DowUyiatav Ave- 
bury, Witshire, 

Scattered blocks of this saccharoid siliceous sandstone or 
grit lie on the surface of the country in Dorsetshire and 
Wiltshire, sometimes (as in the Valley of Stones, west of 
Black Down, Map. 17, and on the Chalk Downs in the Vale 
of Pewaey), in such numbers, that a person may almost leap 
from one stone to another without touching the ground. 


The stones are frequently of <5onsiderab!e^*^;-^^^L' 
being four or five yards across, and abqv^ ' ' 

la Bride Bottom (the VaUey of Stor 
conglomeratic, l>eing compo8ed.,/^Si'SB) they often 
angular Chalk flints in a rounded, sometimes ot 

.^of white BiUceous gnt, and, 



APPENDIX. 


289 


in xnanT. instances, the same block furnishes an example of WaU^cas^ 
this structure, one portion of it consisting of sandstone, and 
another of conglomerate, occurring with a well defined line 
of separation between them. 

In the village of Little Bredj, they may be seen in the 
brook which flows by the side of the road ; and, in many 
instances,* when it has been possible to do so, advantage has 
been taken of their position to build thorn into the walls 
of the houses : partly, perhaps, to avoid the trouble of 
removing so great a weight, partly to save the labour of 
breaking up a mass of such hardness and magnitude. 

The Trilithons or larger stones forming the outer circle 
of Stonehenge, as well as the larger stones used in the 
construction of Avebury, wore, probably, procured by the 
Druids from the immense blocks scattered over the neigh- 
bouring Downs. Those found, at the present day, on Marl- 
borough Downs are hammer-dressed into rectangular 
blocks, which are used for paving and building stones, while 
near Marlborough and Fyfield, where they are extremely 
abundant, the roads are mended with them, and the walls 
hy the turnpike road are built of them. 

Their original geological position was, ]>robably, in the 
sands of the Plastic Clay series, out of which they were 
worn by denudation, and subsequently hardened by expo- 
sure to the atmosphere. 

On the turnpike road from Dorchester to Broad Maine, 
blocks of this stone are visible (apparently in place) by the 
road side at Little Maine, in sands which rest immediately 
on the Chalk, while several other blocks of it are scattered 
over the surface of the adjoining fields. 

The name greywether^ by which these sandstones are 
known, has been given to them from their supposed re- 
semblance, when scattered over the ground and seen from 
a distance, to (wether) sheep. 

The name Druid Sandstone has reference to their em- 
ployment by the Druids in the erection of their temples. 

Sarsen Stone is, probably, a corruption of Saracen Stone^ 
origmating in the popular belief that the stones had been 

T 
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originally brought over to this country, and placed in their 
present positions by foreigners. The term Saracen is 
applied in some parts of England to any foreigner, and 
has probably been in vulgar use since the time of the 
Crusades. In Cornwall large heaps of refuse from the 
mines are, to this day, known by the name of Attle- 
Saracen, or heaps of rubbish that have been left there by 
the Saracens. 

(See Survey Memoir on the Geology of Map 34. p. 41.) 

57b. — Calcabeous gbit {Coral Rag) used for building 
and road-stone. The bed from which the specimen was 
taken is about four feet thick, and forms the lowest bed of 
the quarry. It rests upon sand. Near the Lamb and Flag 
Inn, 6 miles E. of Farringdon^ Berkshire* 

77a. — S andstone {Lower Carboniferous)^ containing 
small specks of mica, lines of iron pyrites, and numerous 
plant remains ( Cychpteris), 

From beds of carbonaceous shale, in the bed of a brook, 
4 miles south of St* Andrew's^ Scotland* 

97a. — Argillaceous Sandstone, from London Clay^ with 
Pectunculus brevirostris, Natica Hantoniensis, and other 
fossil shells. — ^Artesian well, Southampton* Map 11. 

103a. — Gritty Slate. — Llanfechell, Anglesea* 

119b. — Lower Bagshot sand {Middle Eocene\ imme- 
diately underlying the pebble bed No. 48. Wall-case 42. 
Map 11 . — Stoke Common^ near Bishopstoke^ Hampshire* 

125a. — Blown sand, forming low hills on the south- 
west corner of Hayling Island^ Hampshire* Map 11. 

126a. — Bracklesham sand {Middle Eocene)* — Bevois 
Valley, Southampton* Map 11. 

No. 104 in Case 41, the above specimen, and Nos. 138c 
and 138d are from the Bracklesham beds, or the lower 
member of the Middle Bagshot series, which rests upon the 
Lower Bagshot sands and clays. 

Throughout the district over which these beds extend in 
Map 11, they are only locally fossiliferous. When, how- 
ever, shells occur, they are generally very abundanl^ : as 
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is the case at Stubbington, on the coast, where C&rdita 
planicotta^ Centhium^ and other characteristic shells are 
found crowded together like those in No. 104, in a bed 
about 4 feet thick. 

133b. — Hard green marl, with Cyrena, From the 
upper part of the Corbula beds : {Middle Purbeck .) — ^Map 
16. Vertical Sections, Sheet 22, No. 1. — Durlstone Bay^ 
Dorsetshire* 

138a. — ^P apery mountain leather, occurring in fissures 
of New Red Marl. — Seaton^ Devonshire. Map 22. 

Presented by Sir Walter Trevelyan. 

138b. — Sandy clay, from Lower Green Sand, Folke- 
stone, Kent. 

138c and 138d. — ^Bracklesham clay {Middle Eocene), 
used for making bricks. — NetUy, near Sovthampton. 
Map 11. 

The clay afibrding brick-earth varies very much in 
quality. No. 138d is of a very mild description, but, on 
other parts of the ground, at the same depth below the 
surface, the clay is too stiff for use alone, and requires to 
be mixed with -j^th of its bulk of sand : (No. 126a.) The 
best bricks are made with a mixture of the two clays, 
Nos. 138c and 138d, and 5,000,000 are made annually and 
used for the erection of the Military Hospital at Netley. 

139b. — Pipe clay, mottled Clay from Plastic Clay series, 
Map 15. — Chalbery Hill, near Horton, Dorsetshire. 

141a. — Sandy clay, from second division (B) of Lower 
Green Sand, Folkestone, Kent. 

165a. — Crystallized Coal. Presented by Mr. James 
Hunt. 


26a. — Chert in limestone, containing freshwater shells, 
Valvata, Paludina, Cypris, 3cc. From limestone beds in 
the “ Cherty Freshwater series of the Middle Purbeck. 
See Map 16 and Sections, Sheet 56.— Cliff east of LtHworih 
Cove, Dorsetshire. . . . 
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S4a— Flint from Portland Stone, In this Epecimen 
siliceous matter has replaced the calcareous skeleton of a 
coral (JscLstrcBa oblonga) commonly called the Tisbury corah 
(after the locality in which it most abundantly occurs), and 
by so doing converted the whole into a^olid mass of flint. 
Map 15. — Tisbury^ Wiltshire, 

46. — Rounded pebbles, from the Chesil beach, midway 
between Abbotsbury and Burton Bradstock^ Dorsetshire, 
Map 17. 

The Chesil Bank, on the coast of Dorsetshire, aflbrds a 
good example of the driving forward of shingle in a par- 
lieular direction by breakers, produced by the action of 
prevalent winds. It is nearly 15 miles long, connecting 
the island^ of Portland with the mainland, and for about 
eight miles from that island is backed by a narrow belt of 
tidal water, known as the Fleet. From its position, the 
heavy swells and seas from the Atlantic often break furiously 
on this bank, which protects land that would otherwise 
soon be removed by them. 

In this instance, also, we seem to have an example of the 
Atlantic breakers not having reached the land behind, since 
the relative levels of the sea and land were such as we now 
find them, A gradual sinking of the coast would appear 
to afford an explanation of the phenomena observed. (De 
la Beclie’s “ Geological Observer,*’ 2nd edition, p. 56.) 
The pebbles are based, near the Isle of Portland, upon 
tenacious Ivimeridgc clay, which is frequently laid bare 
after heavy gales from the eastward, when the beach is 
often swept away in places. It is, however, soon restored, 
under the piling influence of westerly winds, to its original 
height, which, opposite Abbotsbury, nearly midway between 
its two extremities, is about 40 feet. 

The pebbles forming the bank are derived from rocks 
situated to the westward, and gradually increase in size in an 
easterly direction, that is towards the Isle of Portland ; the 
reason of which is that the larger pebbles, presenting a 
broader surface to the action of the wind and waves, are 
driven forward more rapidly than the smaller stones. Ex- 
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amples of this action are frequently afforded by very rapid 
brooks, where the larger stones may be seen to be pushed 
onwards by the force of the stream, while those of less 
size remain comparatively quiescent. 

The variation in the size of the pebbles forming the, 
Chesil Bank is so well known to the people of the adjacent 
coast, that it is said by them that persons familiar with it 
can tell the exact position of any part on which they may 
happen to land on the darkest night, merely by feeling the 
size of the pebbles forming the beach. Map 17. 

47. — Small roundkd pebbles, from Loioer Green Sand, 
—Guildford^ Surrey, 

48. — Gkeen-coated flint pebbles, from the base of the 
Plastic Clayy overlying Chalk. — Railway cutting, lieadingy 
Berkshire, 

49. — ^Black flint pebbles, occurring at the base of the 
Bracklesham beds {Middle Bagshot series). 

Stoke Common, near Bishopstoke, Hampshire, Map 11. 

50. — ^Rounded flint pebbles, from the basement-bed of 
the London Clay (tlie shell-bed). 

Immediately resting on the Blastic Clay there is a bed 
of vaiying thickness, which has been named by Mr. Prest- 
wich ‘‘ the basement-bed,” from its position relatively to 
the main mass of the London Clay, which rests immediately 
upon it. This bed is generally composed of brown, fer- 
ruginous, and somewhat clayey sands, and, in addition to 
its peculiar fossils, it almost invariably contains rounded 
pebbles of black tlint disseminated in it towards the lower 
part, sometimes sparingly, but occasionally, especially in 
the London Basin, forming thick beds of pebble gravel. — 
Hurst, east of Readmg, Berkshire, 

51. — Rounded flint pebbles, from the basement bed of 
the London Clay. — Sherborne St, John^ Hampshire, 

52. — Recent shells, cemented by calcareous matter, 
forming a consolidated raised beach 40 feet 10 inches 
above the present high water-mark, on the east side of the 
island of Kerera, near Ohan, Argyleshirey Scotland, 

Presented by Commander E. J. Bedford, EtN. 
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^3«~Part of a raised beach, contaiBiiig recent shells. 
— Hopes No 9 e^ north of Tor Bay^ Devonshire. Map 22. 

54.~Beoekt shells. — Neighbourhood of St Andrew% 
Scotland, 


Limestones, Iron Ores, &c. arranged and described by 
H. W. Bristow. 

2a.— C herty limestone from Landeilo Flags^ with Mur* 
chisonia Angmtata, — Durness^ Sutherland^ Scotland. 

8a. — Grey argillaceous limestone {Lower Lias), 
The cliffs east of Charmouth consist, for the most part, of 
blue Lias-shales, and clays which underlie the Marlstone, 
while interstratified with the clays are bands of impure 
limestones, two of which, situated 50 feet apart, furnish 
excellent cement stone. Map 17 : Horizontal Section, 
Sheet 2\, — Charmouth, E, of Lyme Regis, Dorsetshire, 
Presented by Mrs. Napier Stuart. 

8b. —Dark grey argillaceous limestone. ( Coal 
Measures,) This stone, called Aberdaw stone, ja burnt for 
lime, and used for setting masonry under water. Several 
thousand tons of it have been used in the construction of 
the Liverpool and Birkenhead Docks. 

Grange Quarry, Holywell, Flintshire, Presented by 
Sir Pyers Mostyn, Bart. 

16a. — Compact grey siliceous limestone, passing info 
a fine conglomerate, which is composed of small rounded 
pebbles of white quartz and yellow sandstone, and contains 
fragments of Iguanodon bones, and teeth of fish {Pycnodus 
and T etragonolepis. From Tilgate beds of Hastings Sands, 
{Wealden), Well, St, Mary Magdalen's School; St Leo* 
nard^s*on*sea, Sussex, 

21a.— Kelloway rock with Pectunculus, from the base 
of the Oxford Clay; Kellaways, Wiltshire, Map 34. 
(See No. 99, page 51 ; also Survey Memoir on Map 34. 
pp. 18, 19.) 

39a.— Compact limestone {Devonian), quarried for 
marble. — Babbacombe, Rear Torquay, Devonshire. 



AFMJS^mX. 


296 


39b» — Oolitic limestone (2 specimens) from Coral Rag. 
BotU specimens are from the same quarry, but from different 
bed^ ; one being loose and earthy in texture, while the other 
is harder and more compact, and of a ferruginous-yellow 
colour, owing to the presence of iron. Both specimens 
contain fossil shells. — Quarry near the Lamb and Flag 
Inn, 6 miles E. of Farringdon^ Wilts. 

39c. — Grey oolitic limestone {Portland Stone), used 
for roads and building. Map 34. See also Survey Memoir 
on Map 34, page 23. — Swindon, Wiltshire. 

39d. — Oolitic limestone, ^vomCarboniferous Limestone, 
locally called Glee Hill marble. Used for tombstones, &c. 
and burned for lime. — Clee Hills, Shropshire. 

48a.~PoRTLAND STONE, with iiumcrous casts of fossils, 
the shells of which have disappeared, leaving only the 
empty spaces they once occupied. This specimen is very 
similar to the roach-bed of Portland stone in the Isle oi’ Port- 
land, and may be compared with the large specimen in 
lower compartment of table-case D 

See Survey Memoir on Map 34, Page 23. — Swindon, 
Wiltshire. 

49a. — Marlstone ( Upper Lias). The brown sandstone 
forming the upper part of the Marlstone, is used for build- 
ing stone in the district where it occurs. In some localities 
it furnishes a rich ore of iron. The siiecimen contains 
several fossils, Bellemites rugieri, Pecten cequitfalvis, Ostren, 
Serpula, 3cc. — Map. 35. Horizontal Sections, Sheet 14, 
No. 1. — Uley, Gloucestershire. 

49b. — Hirnant LIMESTONE, showing a weathered surface. 
From the upper part of Caradoc or Bala beds. 

Pen-y-Dall^wm, 4 miles S.E. of Bala, Merionethshire. 

49c. — ^Portland stone ; oolitic, shelly, pale-grey lime- 
stone, with the shells replaced by calc spar. Slightly argil- 
laceous. From upper beds of Portland Stone. Map 16, 
Wesiman, Swanage, Dorsetshire. 

58a. — Compact limestone, from the upper zone of the 
Great Oolite. This limestone is generally very hard, and, 
along the Gheltenham and Oxford road, produces the best 
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«iVttUAWe road material It weathers to a degree of whtte- 
* ness scarcely surpassed by the Chalk.” Wychwood Forest^ 
O^ordshire. See Hull’s Memoir on Map 34, Page 6L 
90a. — Pale cream-coloured marly limestone, containing 
casts of freshwater shells {Bithynia^ small Planorbis^ VuU 
vattty Limncea^ Cypris), 

The I^irbeck strata of Swindon are very slightly deve- 
loped, and, of inconsiderable thickness compared with those 
of Dorsetshire or even of the V ale of W ardour. At Swindon 
they consist chiefly of white and cream-coloured limestones 
with ferruginous stains, which also line the cavities left 
by decomposed shells, whose casts only now remain. The 
total thickness of these beds does not exceed 10 or 12 feet. 
— Swindoriy Wiltshire, 

See Survey Memoir on Map 34, Page 23. 

100a. — Chalk rock. — Hard blocky chalk, jointed per- 
pendicularly to the plane of bedding ; with lines of irregu- 
larly shaped, hard, calcareo-phosphatic nodules, which are 
green outside, but cream-coloured within. The “ chalk- 
rock” breaks with an even fracture, and rings when 
struck with the hammer. 

This bed occurs in ihe Chalk district of Wiltshire, Berk- 
shire, and Oxfordshire. About three miles S.S.W. of 
Marlborough it is twelve feet thick, and contains 6 lines of 
nodules ; but generally it is only from 4 to 6 feet thick, and 
with 2 or 3 lines of nodules. Wherever the “ chalk-rock ” 
has been seen, in the above-mentioned country, it forms 
an exact boundary between the Chalk with flints and the 
Chalk without flints. It never contains flints, nor are any 
found below it, whilst a bed of them often occur immedi- 
ately above it. — North of Henley-,on-Thames^ Oxfordshire, 
100b. — One of the nodules from the chalk-rock ” (see 
No. 100a.), -3 miles S.S.W. of Marlborough^ Wiltshire. 
Map 14. 

103a. — Soft marly limestone, from the Insect marls of 
the Lower Purbeck^ containing insect remains and specks 
of vegetable matter. Map 17* — Osmingtony DorseU ire. 
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103b.-^CoHPACT CL0BBH3KMKED L2HEST017E* The 8pe- 
oimen was taken from the east side of Lulworth Cove, and 
exhibits the effect of weathering upon such beds, after long 
exposure. The original colour of the rock was blue, a 
small patch of which colour is still visible in the interior of 
the specimen, and the pinkish tint is due to the peroxida- 
tion of the included iron, consequent on exposure to 
atmospheric and other influences, while the outer surfaces 
of the bed, being still further acted upon, have assumed a 
cream-coloured or pale ferruginous^yellow tinge. The bed, 
2 feet 4 inches in thickness, belongs to the marly fresh- 
water series, or upper division of the Lower Purbeck, 
and contains scales of freshwater fish (Lepidotus\ and 
numerous, small, freshwater univalve shells, Limncea, Hy- 
drobia^ Physa^ and Planorbis. It is slightly argillaceous*^ 
Map 16, Sections, No. 56. — ^East side of Lulworth Cove^ 
Dorsetshire, 

107a. — Oolite marl, containing a coral {Cladophyllid), 
This stone forms a well-defined zone, distinguished by its 
chalky aspect, over almost the whole range of the Cottes- 
wold, from the vale of More ton to the plain of Gloucester. 
It varies in thickness from 4 feet near Turkdean to 8 feet 
at White Hill, south-west of Pitchcomb ; Terebratula 
fimbriay T, carinatUy and many other fossils abound in this 
sub-division of the Inferior Oolite. — CondicotCy near Miser- 
deny Gloucestershire, See Memoir on Map 44 of the 
Geological Survey (Hull), p. 37. 

114a. — ^Impure lias limestone, occurring in the upper 
part of the MarlstonCy and containing Ammonites serpenti- 
nusy A, annulatusy A, communiSy and Belemnites, — From 
an ironstone pit at Steeple Astouy 7 miles N.E. of Wood^ 
stocky Oxfordshire, 

127a. — Shelly limestone {Forest Marhle)y containing 
numerous fossils, Ostrea Sowerbyiy Rhynchonella obsoletay 
R,farctay Cidaris {spines), Terebratula maxillata, Apiocri- 
nu8 rotundus {oscicles). Map 17. — Well Down, E, of 
AhbatAuryy Dorsetshire, 
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LiMESTOKB) from the Tilgate beds of the 
^ fVealden, — ^North of Ore Churchy 2\ miles N. of Hustingsy 

Sussex, 

134a, and 184b. — ^I ron ore from the Tilgate beds of the 
Wealden ; peroxide of iron, investing clay ironstone. In 
No. 134a, only the chambered covering of peroxide is left, 
the clay ironstone having been removed from the cavities. 
These beds of iron ore, 4 and 3 inches thick respectively, are 
divided by 5 inches of yellow sand, which on exposure to 
the weather hardens into sandstone. — North of Ore Churchy 

miles N. of Hastingsy Sussex. 

136a. — Iron nodule, showing concentric layers : from 
Oolite Sands. The sands from which the specimen 
was obtained must not be confounded with those under- 
lying the Inferior Oolite, and which have, until lately, been 
called ‘‘ Inferior Oolite Sands,” their position being above 
the stony beds of the Inferior Oolite, and immediately 
beneath the Great Oolite of the district. They are, there- 
fore, the equivalent of the Stonesfield slate. 

Upper WortOHy Oxfordshire. 

1 42a. — R ed iron ore. 

142b. — Stalactitic red iron ore {hcBmatite)^ with a 
fibrous structure. 

142c. — Botryoidal red iron ore {hcematite)^ with a 
fibrous structure, and partly invested with lenticular crys- 
tals of sulphate of barytes. 

This ore of iron, Nos. 142a to 142c, occurs in Devonian 
Limestone, with sulphate of barytes. It is worked in the 
cliffs at Sharkham Point, and is sent into Wales to be 
smelted. The softer portions of the ore, when washed, are 
made into colour, which is used for painting ships’ bottoms. 
Map 23. — Near Brixham, Devonshire, 

148a. —C arbonaceous shale from Mountain Limestone, 
with tooth of Bhizodus Hibberti. — Fifeshire, Scotland. 

179.^ — Clay iron ore from Coal Measures.^ — Cross- 
green Colliery^ Yorkshire. 


* Presented by Captain Edward James Maude. 
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ANAI.T8I8. 


Per cent. 

Protoxide of iron - 46-56 / <^rreBpoii^ng to 36-13 

1 metalbc iron. 


Carbonic acid - - 30*34 

Lime - - - 2*50 

Phosphoric acid - 0*60 
Manganese - - trace 

Sulphur (as pyrites) - trace 
Organic matter - - 0*77 

Insoluble matter, (clay, 
sand, silica) - - 14*72 

Water (expelled at 
212 '^) . - 1*12 


WaU^ 


96*51 


180. — Clay iron ore, from Coal Measures.* — Cross^ 
green Colliery^ Yorkshire. 


Analysis. 


Per cent. 

Protoxide of iron 

- 42*59, 

Carbonic acid - 

- 14*11 

Lime - 

- 2*34 

Phosphoric acid 

- 0*67 

Sulphur (as pyrites) 

- trace 

Organic matter ' 

- 1*44 

Insoluble matter (sand, 

clay, &c.) 

- 32*38 

Water (expelled 

at 

212°) - 

- 1*36 


94*89 


metallic iron. 


Presented by Captain Edward James Maude. 



APrtiWinr. . 




Watl-caso 


Wall-caBe. 

ftS. 


Wall-caso 

M. 


WaJl-case 

1 . 


1 81 . -^LAT IRONSTONE With Unioy froin Coal Measut^. 
—Otascoie Colliery ^ near Tamworthy Waiwickekire, 

182. — Concretionary Iron ore from the lower part of 
the London Clay, Readingy Berkshire, 

42c. — S eptarian Nodule from London Clayy containing 
a fossil shell, Pyrula Smithii,-~^Isle of Skeppey, 

This specimen shows the manner in which such con- 
cretions are formed ; generally round some organic substance, 
as a nucleus, about which the more stony matter has 
collected. 

3a. Altered Coal, \ mile S.E. of Rock and Spindle, 
St Andreto^Sy Scotland, 

75a. Altered felspathic rock. — Withielgooscy near 
Withiely CornwalL 

75b. Quartzo-felspathic rock, exhibiting obscure 
craces of lamination ; probably an altered rock. Furnishes 
a good road material. — Roseraniony St Columh Majory 
Cormoall, 

75c. Jasper (altered rock), occuri’iag with the trap- 
rock placed beneath it. — Isle of Riwiy Scotland, 

47a, Three specimens of roofing slaIte {Bala beds) from 
the slate quarries at Cwm Eigia, Caernarvonshire. Map 
78, S.E. The slates from some parts of this quarry contain 
tubes of iron pyrites disseminated throiigh them, which do 
not decompose on exposure to the atmosphere, as is proved 
by the circumstance that the slates. forming a roof which 
lias been built for 26 years, still retain tlieir original 
brightness. 

20a. Filamentous or capillary lava, (Pole’s hair), 
obtained from near the bottom of the great crater of 
KilaueOy by a party from H.M.S. ‘‘Vixen,” February 1, j 858. 

42b. Crystals of native sulphur, with a hot, soft, and 
greasy earth; obtained at a bank N.E. of the great crater 
oi Kilaueay February 1, 1858, by a party from 
“ Vixen,” 
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42c. Crystals of native sulphur, obtained from the 
mouths of hot-air holes in a bank N.E. of and above the 
great crater of Kilaueay by a party from H.M.S. “Vixen.” 
February 1, 1858. 

42d. — Condensed vai*ours, from heated air passing 
through fissures in the rock, in the N.E. bank above the 
great crater of Kilauea, Obtained, February 1, 1858, by a 
party from H.M.S. “ Vixen.” 

Model of the Isle of Bourbon. 

By Mon. Ls. Maillard. 

Presented by Mens. Dufthioy^ Director of the Ecole des 
MineSy Paris, 

The Isle of Bourbon, or Mascarenhas (as it has been 
called after its discoverer), is situated in the Indian Ocean, 
in S. lat. 21^, and E. long. 55®, about 90 miles W.S.W. of 
Mauritius, and 370 miles east of Madagascar, It is elliptical 
in shape, about 90 miles in circumference, and 45 miles 
across in its widest part, in a N.W. and S.E. direction. 
From a distance it appears to rise gradually from the sea to 
a high central peak — the Piton des Neiges — 9,450 feet high. 
The island is composed of two volcanic mountains, the 
Gros-morne or Salazes, 7,200 feet in height, and the 
volcano. Of these, the former, which is the largest, and 
situated towards the centre of the island, has long ceased 
to be in activity, but that it was so formerly is fully proved 
by the aspect assumed by the features of the surrounding 
country. During the long interval which has elapsed since 
it has been in repose, the action of the atmosphere has dis- 
integrated its former bleak surface, and converted it into a 
fertile soil, which is now in a state of high cultivation. 

Towards the S.E. of the island the country is, on the other 
hand, scorched and barren, owing to the scarcity of water 
and the neighbourhood of the volcano, and the Pays brul6, 
as the district is called, is a continuous desert, the barren 
dreary aspect of which, forms a frightful picture of desola- 
tion. Since 1785 the volcano has vomited lava at least 
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twice every year, which in nine instances flowed to 
the sea. 

The rivers are not supplied by springs, but are derived 
from the rain which falls on the mountains^ and the snow 
and mists upon their summits. In consequence of this, they 
all partake, more or less, of the nature of mountain torrents 
rather than of ordinary rivers, and rush through deep 
gullies, which have been worn by them in the sides of the 
mountains, during a long succession of ages. These torrents 
sometimes rush with such impetuosity, as to carry down 
vast fragments of rock, which, by accumulating at the 
mouths of the rivers, block them up with lofty and im- 
passable barriers. The isle of Bourbon is surrounded by 
coral reefs, only broken through at the embouchures of the 
rivers, and opposite the chief ravines. The channels or 
passages through the reefs are kept open by the streams of 
fresh water passing outward through them, without which 
they would be otherwise soon filled up ; as it is, they are 
considered to have decreased in size, in consequence of a 
diminished quantity of rain having, of late years, fallen on 
the Isle of Bourbon.” 

De la Beebe’s Geological Observer, (2nd Edition, p. 179). 

H, W. Bristow. 


Model of Graham’s Island. 

Constructed by M. Constant Prevost. 

Presented by Dr, Fittony F,R,S, 

This island has been variously called Nerita, Ferdinahda, 
Hotham, Graham, Corrao, Sciacca, and Julia, but the name 
most generally adopted is that of Graham’s Island, wfiich 
was given to it by Captain Senhouse, B.N., the first person 
who succeeded in effecting a landing upon it. 

It was situated in lat. 37® IT N., long. 12® 44' E., 33 
miles N.E. of Pantillaria, and 31 S.W. of Sciaca in Sicily. 

The island was first actually seen by the captain of a 
Sicilian vessel, on the 18th July 1831, when it appeared as 
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a small island 12 feet high, thi'owing out volcanic matter 
and immense columns of vapour from a central crater* in Beo^ 

The eruption continued with great violence till the end 
of the month, when it was from 50 to 90 feet high, and | of 
a mile in circumference. 

By the 4th of August it had attained a height of 200 
feet and a circumference of three miles. After the latter 
date it grew less under the action of the waves, until on 
the 25th of August it was only two miles round ; on the 
3rd of September it was still further reduced to fths of a 
mile in circumference, and 107 feet in height, and on the 
29th of the same month it was only 700 feet in circum- 
ference. 

On the latter day it was visited by M. Constant Prevost, 
by whom the model in the case was constructed out of the 
ashes and lapilli thrown out by the volcano. The island 
was found by M. Prevost to be entirely composed of scorise, 
pumice, and other incoherent ejected matter, few of the 
stones thrown out exceeding a foot in diameter. By the 
end of October no trace of the crater remained, and the 
island was nearly level with the water’s edge. 

At the commencement of 1833 there was merely a shoal 
and discoloured water to mai‘k the spot, and at the end of 
1833 a dangerous reef existed about fths of a mile in 
extent, and of an oval shape. 

Thus little more than three months intervened between 
the first appearance of the island and its final destruction ; 
during which period there is no reason to suppose that 
the original bed of the sea was subjected to any elevatory 
movement. 

Sir Charles Lyell conjectures that the cone must have 
been as large as one of the lateral volcanos on the fiank of 
Etna, and about half the height of Jorullo in Mexico, 
which was formed in nine months. He also supposes that 
a hill at least 800 feet high was formed by a submarine 
volcanic vent, of which the upper part only (about 200 
feet high) emerged above the sea to form the island. The 
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lava ejected contained augite, and the only gas evolved in 
n Beo^ a. considerable quantity was carbonic acid. (LyelPs 

Principles of Geology, 7th edit p. 414.) 

H. W. Bristow. . 

Volcanic Specimens from Hecla, Iceland. 

Collected and presented by J, JV, Bus/iby, Esq, 

Hecla is a volcanic mountain 6,131 feet in height, situated 
on the S. W. part of Iceland, in lat. 63° .59' N., long. 19° 42'. 

The volcanos of Iceland are known to have been in 
activity as early as the ninth century. Since 1004 or 
1005 no less than 23 marked eruptions have taken place ; 
no interval exceeding 40 years, and seldom one of 20 years, 
liaving elapsed without the occurrence of either an eruption 
or a great earthquake. 

Some of the eruptions have been of great violence, and 
have lasted six years without ceasing. During the erup- 
tion of 1766, smoke J\nd clouds of ashes obscured the sun- 
beams to such an extent, that in Glaumbiir, about 100 miles 
distant, men could only find their way by groping. 

Again in 1783, Skaptar-jokull, which had remained 
dormant as far as any human records of the land extend, 
suddenly burst into activity, and did not again become 
quiescent for two years. 

Immense quantities of volcanic matter were thrown out 
during this period. Two of the lava streams, 40 and 50 
miles in length, flowed in opposite directions, attaining a 
width of seven miles and from 12 to 15 miles respectively, 
while the height of both currents, which was ordinarily 
100 feet, became as much as 600 feet in narrow defiles. 

During this eruption many villages were inundated by 
water, 20 were destroyed, and more than 9,000 human 
beings perished, together with immense numbers of cattle, 
while the coasts were deserted by fish. 

On the 2d September 1845, a Danish vessel was covered 
with ashes, during an eruption, near the Orkney islands, 
537 miles from the volcano. 





Int ^ innomerable hot 

sptiAjgB burst toH% and. solfatii^as' disehatge oopious 
sti^ams of inflammable matter* 

The most remarkable of the intermittent springs or 
geysers, are situated in the south-western part of Iceland, 
more than 30 miles distant from Hecla* They rise through 
a thick bed of lava, in such numbers, that nearly a hundred 
of them may be counted in a circumference of two miles* 
Few of them play more than five or six minutes at a 
time, and, the intervals between each eruption are very 
irregular* 

" The Great Geyser rises out of a spacious basin at the 
summit of a circular mound composed of siliceous incrus- 
tations deposited from the spray of its waters. The diameter 
of this basin, in one direction, is fifty-six feet, and forty-six 
feet in another.’* 

Ly ell’s Principles of Geology,” 7th edit. pp. 406-580* 

De la Beche’s Geological Observer,” 2d edit. p. 348* 

1* — ScoRixcEOUS EAVA from Hecla. 

2. — ScoRiACEOUS EAVA, from the extinct volcano a 
SvinahrauHn ^ ' 

8. — ^VoECANic BOM«, from the sulphur banks of Fbw- 
savatn. 

4. — Siliceous sinter, with impressions of leaves, from 
the Idttle Geyser. 

5. — Sulphate of lime now being formed at Krusii )^. 

6^ — Native sulphur, from banks Or mines at Mount 

Hengill. 

7, — ^Native sulphur : another specimen, from Krusimk. 

H. W. Bristow* 

Rowlet Bag (Basalt). 

« The Rowley Rag is a basalt ; a hard, heavy, blimk, 
close-grained rock, weafhering brown outage, haying 
teudenpy to form spheroids, that envelope with several 
cei^^o coats a solid ball in the middle, and pons^ueh^y 
often assuming a columnar 8ti*ucture> that in some imstani^^ 
becomes nearly as regular as that of the Giant’s Catiseway. 

■,u 



' ■ lid : 

M Eowley Bti»sO!^ ftt 

i^i^^ll^1?eiil0aett ; Park Hill« Bentleys and other spots. ^ 

^00 dr 300 feet thick, resting here upon the Coal Heasures.^’ 
— (OfcL the Gecdogy of the South Staffordshire Coal Field. 
J. Bieete jukes, F.B.S., page 241.) 

These specimens are placed here to show the manner in 
which certain igneous rocks, when melted, assume different 
appearances, according to their more or less rapid rate of 
cooling from a state of fusion. In this instance about 31 cwt. 
of the basalt having been melted, in a large double reverbera- 
tory furnace, at the Eagle Foundry, Birmingham, was broken 
up, after cooling slowly, during thirteen days. It was then 
found that the outer portions of the fused rock, that is, those 
portions which had cooled the most rapidly from their 
contact with the air, had assumed the appearance and struc- 
ture of obsidian, while those from the bottom and middle, 
which had cooled more gradually, bore a resemblance to 
pitchstone. Some of the more glassy portions near the top 
were sphasrulitic and vesicular, and may be compared with 
actual volcanic products of a similar nature, in wall-case 1. 
See also Case VII. in the Hall. — Presented by William 
Hawkes, Esq. 

1. — Rowley rao in its natural state. 

2. — From the bottom of the cooled mass. 

3. — From the middle of the cooled mass. 

4. — Artificial obsidian, or Volcanic glagu, from near 
the top of the cooled mass. See wall-case 2, Nos. 29 to 31. 

5. _ Artificial obsidian, vesicular and sphasruHtic 
See wall-case 2, Nos. 30, 119. 

6. — Artificial obsidian, showing the effect of rapid 
cooling, produced by pouring the melted rock into water. 
See wall-case 1, Nos. 20, 29, 30, 86. 

148. — 32 polished specimens of volcanic rocks, from 
Vesuvius. j 

149;— ScoBiACEOUS LAVA, enveloping a pebble.— From 
the neighbourhood of . 

Presented by Sir Roderick L Murchison, 6.C.S.S. ' 





, sm 

;3a>^FdtsPAR^ fh>m a rein in granite : aaed for making WidMii 
glaze for earthenware — Rodhe^ ComwalL 
260 to 270.— Teh specimens of poushkd <^hRAJTOK, from 
Aberdeen, Presented by — Macdonald. 

H. W. BBIfi(TOW. 


Rock Specimens, illustrating the Geology of the Counties Tia>ieKja8e 
of Haddington, Edinburgh, and Linlithgow, inHe^ 4 i. 

Arranged and described by Archibald Geikie. 

This series of specimens is arranged in stratigraphical 
order, beginning with the lowest. The igneous rocks of 
contemporaneous age are intercalated in their proper order 
in the series, so that the specimens exliibit, as completely 
as can be shown in the space at command, the sequence of 
geological phenomena in the district from which they are 
collected. The intrusive traps, whether as dykes or amor- 
phous masses, are put together in Table-case C (lower 
compartment), and may be studied as a group by them- 
selves. 


Tahle^case E in Recess 41. 

The specimens in this case are entirely illustrative of the 
geology of Haddingtonshire, more especially of the trappean 
region between Haddington and Dunbar. They show that 
between the deposition of the old red Sandstone and that of 
the mountain limestone, the north-eastern part of that 
county was the site of a long-continued series of volcanic 
eruptions, by which loose ashes, stones, and sheets of melted 
lava were thrown out to a depth of many hundred feet. 
The series begins with several specimens from the old red 
sandstone of Dunbar, followed by one or two from the very 
base of the carboniferous rocks, above which commences 
the set of ash beds, with their included stooges, and inter- 
calated limestone bands. These are followed by the later 
lava eruptions of the Garleton Hills, and lastly by the 
carboniferous limestone which appears to have been depo- 
sited after the volcanic action in this district had ceased. 

u 
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finely laminated (Old bJi Saiid* 
stcme)*— A little east of Dunbar. 

2. --Eei) satostone, variegated with green spots (Old Bed 
Sandstone).— A little east of Dunbar. On the origin of 
Such green mottlings see Ist vol., Gool. Surv., Mem. p. 53. 

3. — Grey sandstone (Old Red Sandstone).^ — ^A little east 
of Dunbar. Speckled with iron-stained grains. 

4. — Grey micaceous sandstone (Lower Carboniferous). 
— 150 yards S. W. of Long Craigs, Dunbar. 

5. — Red ferruginous ironstone (Lower Carboniferous). 
— 150 yards S.W. of Long Craigs, Dunbar. Contains 
fragments of fish scales. 

Ash Beds op Dunbar. 

Immediately to the west of Dunbar the coast is fringed 
by a range of tall cliiFs. They consist of ash, dull red in 
colour and roughened over with the inclosed fragments which 
protrude from the rock in great numbers. The matrix of 
the ash is highly felspathic and ferruginous, and varies in 
texture from a fine paste to a coarse agglomeration of sub- 
angular and rounded fragments. The enclosed stones are 
of all sizes up to masses a foot or more in diameter, the 
smaller pieces being frequently somewhat angular, while 
the larger bombs show a rounded outline, sometimes with a 
vesicular surface, indicating the former melted condition of 
their exterior. Although the dust and stones, of which the 
ash has been formed, were deposited at the sea bottom, the 
stratification can often be seen but rudely, and on the large 
scale only, and in many places it can be made out merely 
from the lines of rounded stones which mark what was at 
one time the fioor of the sea. The more characteristic 
features of the ash cannot, however, be exhibited in a 
collection of detached specimens, but must be studied in 
the field. 

6. 7, 8 . — Felspathic ash.— West of Dunbar (Lower 
Carboniferous). In No. 6 the lapilll, or included fragments, 
are mostly subangular, tod consist^ of difierent felspathic 
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rocto, imbedded in a dull re^ Ifranalaj*, felspathic paste. 
In No. 7 they are more rounded^ and smaller in size, while 
the matrix is likewise more ferruginous. No. 8 shows a ' 
dull red ferruginous paste, with few fragments of larger 
size than its component grains. This specimen also illus- 
trates the manner in which some of the finer-grained 
portions of the ash are stratified. 

9-26. — Stones from the Ash. (Lower Carboniferous). 

— West of Dunbar. 

9. ^ — Fraoment of amygdaloidal pelstone, broken 
from large irregular mass in ash, near Dunbar. 

10. — ^PiECE OF SANDSTONE, (Old Red Sandstone?) from 
ash. West of Dunbar. 

11. — Nodule of red marl, crusted with carbonate of 
lime, West of Dunbar. 

12. 13 — Fragments of limestone, (Burdie House 
Limestone ?) in the ash of Dunbar. 

14. — Fragment op limestone (Burdie House Lime- 
stone ?). — This specimen from the Dunbar ash shows on 
the one side the original surface of the stone as ejected 
from the ancient volcano, and on the other, which has been 
broken across, a confused mass of fish remains. 

15-19. — Calcareous nodule^, perhaps pieces of altered 
limestone. 

20. — Vesicular felstone, showing the rounded exterior 
of the igneous fragments in the ash, with a vesicular lava- 
like interior. 

21, 22, and 23, anj unbroken felspathic stones likev 
No. 20. 

24. — Amygdaloidal felstone, part of a large mass in 
the Ash. 

25. — ^Nodule op calcedony. 

26. — ^Nodule of jasper. 

27. — Columnar felstone (Lower Carboniferous).— 
Below the Battery, Dunbar. This rock appears to have a 
bedded form, but its relations are very doubtful. It was 
regarded by Dr. MaccuUoch as an altered sandstone. 



of Dunl>ar. The coast line for about four miles to the 
east of North Berwick^ exhibits a magnificent seiics of 
sections of ash with inclosed limestone seams and intruded 
masses of greenstone. The ash in its lower beds has a 
greenish tint, getting redder in the higher parts till it 
Srcquires the same colour that characterises the rocks at 
Dunbar. In this upper red zone there occurs at different 
localities, a thin -bedded fissile grey limestone, answering 
closely in texture, colour, and mode of stratification to the 
limestone of Burdie House, with which also it appears to 
correspond in geological position. No fossils have been 
detected in it except some which resembles pieces of bone. 
Throughout the ash, fragments of ejected rock of various 
kinds are abundant, varying in size up to large masses from 
1 to 2 yards in diameter. Tortuous veins and dykes, of 
greenstone also occur, traversing and contorting the ash- 
beds in all directions. 

28.— Felspathic ash (Lower Carboniferous) ^North 

Berwick. Granular, stratified, without enclosed fragments. 

, 29. — Felspathic ash. — North Berwick. Granular, 

stratified, with small rounded felspathic fragments. 

30— Fblspathic ash — ^North Berwick. Granular, 
with numerous rounded and subangular felspathic frag- 
ments. This and the two preceding specimens are from 
the lower green zone. 

31— Stratified felspathic ash. — North Berwick. 

Very granular, with numerous rounded and subangular 
felspathic fragments. This specimen is from the upper 
red part of the ash.. , , - . ; ' 



fields Mams, 2 miles east of Haddingtoii^r-^'niis speeimeo 
Mg^st par^ t]?^e and sho^s^^merous 
scattered crjstab nf felspar, many of wUeh v - 

33. CoBaCPA^Of ^R«sT *. i.ifit£STOKE (Lowef CartK^niferbns). 
— Rhodes Quarry, ! mile sOnth-eaist of North Berwick^ This 
lithestdhe occurs among the ash^beds and attains ai thick- 
ness at this locality of 80 feet. Similar seams, prol^bly 
on the same horizon, are also met with further to the east, 
near Tantallon Castle, and also southward from Tynning- 
hame to Traprain Law. These calcareous bands are 
believed to represent the Burdie House Limestone of Mid- 
Lothian. 

34. — Striped limestone, from an upper part of the 
same quarry. This specimen exhibits exactly the peculiar 
stratified appearance of the Burdie House limestone, arid 
may be compared with No, 117, in Table-case C, from the 
Edinburghshire bed. 

35. — .Shalt limestone, also from the same quarry. 
The wrinkled appearance of this specimen, and its finely 
mamillated surface, bear a strong resemblance to some of 
the depositions of calcareous springs, and possibly such 
may have been the origin of this bed. Compare Nos. 165- 
167 in Table-case C- 

36. — Altered limestone. The IxMthies, between North 
Berwick and Canty Bay. — Apparently with enclosed 
igneous matter obtained from bed close to a large mass of 
greenstone, of which No. 50 is a specimen. 

37. — Altered limestone, from junction with the same 
mass of igneous rock at the Leithies near North Berwick. 

38. - — Ash with angular fragments of limestone. North 
Berwick. 

39. — Angular fragment of striped limestone. (Buydie 
House Limestone), from ash at North Berwick. 

40. — Subangular fragment of crystalline limestone,, from 

ash at North Berwick. . . f f 
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41. -*«-F6l8pathic ash^ with impression of a plants from ash 

'nH 606 M 4 i* 'X’liintalloii Oastle* 

42. — Piece of ltmestonb fragment from ash, at North 
Berwick. 

42, 48, 44. — Fragment of red sandstone (Old Red ?) 
from ash, at North Berwick. 

45. — Iboijstone fragment, from North Berwick ash. 

46. — Stone from the same ash, showing the common 
rounded form of the fragments. 

47. 48, 49. — Fragments of fclspathic trap, North Ber- 
wick ash. 

50. — Amtgdaloidal greenstone, from intrusive mass 
in ash at the Leithies, east of North Berwick. 

51. — Zbolitic greenstone, from intrusive sheet in ash, 
at Canty Bay, North Berwick. 

Felstones of Garleton Hills. 

The ash beds of North Berwick extend southwards for 
nearly three miles, and then sweep round the eastern and 
southern slopes of the Garleton Hills, extending as far as 
ihe town of Haddington. They are succeeded by a higher 
group of trappean rocks, consisting of felstones and felstone 
porphyries, which have a bedded form and dip below the 
mountain limestone of Aberlady. These rocks are old lava 
streams, which flowed out over the ash with its accom- 
panying limestones, and had hardened into solid rock 
previous to the deposition of the mountain limestone. The 
vents from which the ejected materials proceeded may 
perhaps be represented by the bosses of Traprain and 
North Berwick. 

52. — Felstone — Black Cove, Traprain Law. Compact 
pinkish felspathic rock, with disseminated specks of au- 
gite (?). 

53. — Felstone porphyry. — ^Black Cove, Traprain Law. 
Compact grey felspathic rock, with crystals of glassy 
felspar, and a striped arrangement of the particles similar 
to that in the A^nsion Island lavas (Nos. 49 and 50 i 
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Wall-case 2), and the felstones of Snowdon (Nos. 100 and 

101 in Wall-case 4). inEeo^iU 

Traprain Law, from which these two specimens were 
obtained, is an irregularly oval hill, rising abruptly from 
out a set of lower carboniferous limestones below the ash 
beds already described. It is undoubtedly an intrusive 
mass, and resembles an old volcanic rock. Possibly it 
may have been the vent from which some of the succeeding 
felstones were ejected. 

54. — ^Felstone roRPHYKV. — Top of North Berwick Law. 

Compact crystalline felspathic rock, with scattered crystals 
of glassy felspar. 

55. — Felstone PORPHYRy. — Quarry on north side of 
North Berwick Law. A looser-textured, more granular 
rock than the last. North Berwick Law, like Traprain 
Law, is a rounded patch of felstone, and rises with a 
conical form out of the surrounding ash beds, which dip 
away from it, where seen on the south-west side, at an angle 
of 30°. It lias the same neck-like outline ^vith Traprain, 
and may perhaps have been another vent from which fels- 
pathic matter was ejected during lower carboniferous times. 

56-78 illustrate the felstones and porphyries of the great 
trappean region between North Berwick and Haddington, 
including the Garleton Hills. The beds have a gentle dip 
to the west, and, as stated above, are intermediate in age 
between the carboniferous limestone above and the Burdio 
House limestone below. The eastern or lowest part of the 
group is more or less augitic in composition, passing uj) 
into a set of compact felstones, which are succeeded by a 
more porphyritic series of similar rocks. 

56. — Felstone (Lower Carboniferous). — Longskelly 
Point, North Berwick. Compact felspathic rock, with 
scattered crystals of augite and veins of carbonate of lime. 

This and the two following specimens are from the base 
of the felstone series, resting immediately above the ash 
beds already described. 

57. — Felstone porphyry.— Blaikie Heugh, near Stand- 
ing^ne, £ve miles e^ of Haddington. Dark red felspathic 
base, with large crystals of augite. 
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58.-^Augitic pelstonb— Chesters Quarry, ^Whitelaw 
in ftMMi4L miles and a half south-east of Haddingtou. A 

compact rock, with numerous small augite crystals dissemi* 
nated through a pinkish felspatliic base. 


59-63. — Amtodaloidal felstone porfhtby. — Cowton 
Rocks, a quarter of a mile west of North Berwick. These 
specimens are from the Garleton Hill beds, where they thin 
out towards the sea, and are probably on the same horizon 
with those which follow. 

64. — Felstone porphyry. — Shore opposite Broadssnds, 
west of North Berwick. Red earthy felspathic rock, with 
disseminated crystals of felspar, and cavities filled with 
carbonate of lime. 


65-67. — Felstone porphyry. — Longskelly Rocks, two 
miles west of North Berwick. The Longskelly Rocks 
appear to be a repetition of the Cowton beds, brought up 
by a fault which skirts their south-eastern edge. No. 67 
shows a vesicular structure, the cavities being drawn out in 
the direction in which the mass moved when in a melted 
state. Many of these cavities are filled with decomposing 
carbonate of lime, or lined with green earth. 

68.— FELStoNE PORPHYRY. — Hailes Mill, four miles north- 
east of Haddington. Compact dark red felspatliic rock, 
with crystals of glassy felspar. 

59. — Felstone porphyry. — Hope ton Monument, Gadetoii 
Hills. Earthy, fine-grained felspathic rock, weathers dark 
brown, greenish yellow on fresh fracture. 

70. — Felstone porphyry. — Skid Hill, two miles north 
of Haddington. Light blue compact felspathic rock, with 
crystals of glassy felspar ; weathers light greyish brown. 

71. — Felstone. — Wallace’s Cave, Craigy Hill, Garleton 
Hills. Light purplish grey granular felspathic rock, with 
iron-stained grains and veins of jasper. With this specimen 
compare No. 27 in this case, and also 72. 

72. — Felstone porphyry. — Silver Hill, Garleton Hills, 
Crystalline felspathic rock, with concentric rings of iron 
stains and crystals of glassy felspar weathers with areddish 
crust. 
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73.— Fblstonb pobphyrt. — G arleton Hills. Very com- TaW^-cas© 
p^ct blue felspathic rock, with crystals of gla-ssy felspar ; 
weathers with light brown crust. 

74 Felstone POKPH^TiY. — Pcppei'craig Quarry, a 

quarter of a mile north-west of Haddington. Compact 
felspathic rock, with numerous crystals of glassy felspar ; 
weathers dull brown. 

75. — Felstone porphyry. — Garleton Hills. Compact 
blue felspathic rock, with crystals of felspar, in a somewhat 
dull granular base. 

76. — Felstone porphyry — Dirleton, two miles and a half 
west of North Berwick. Earthy felspathic rock, with large 
crystals of white and glassy felspar. 

77. — Felstone, slightly porpyritic. — Kea Ilaughs, 

Garleton Hills. Pinkish earthy felspathic rock, with crystals 
of a yellow decomposing mineral. 

78. — Felstone, — Hopeton Monument, Garleton Hills. 

Dull earthy yellow felspathic rock with cavities probably 
formed by the decomposition of the felspar crystals. 

The felspathic traps of the Garleton Hills form the last 
of that long series of igneous rocks erupted during lower 
carboniferous times over the area of Haddingtonshire. 

They are succeeded by sandstones and shales with imbedded 
plants, above w'hich lies a series of thin Mmestone beds — 
the representatives in Scotland of the thick mountain 
limestone of England. Unlike the English formation their 
organic remains are not ex<dusively marine, for between 
the limestone beds we frequently meet with coal seams 
resting on fire-clay, that contains the rootlets of the plants 
which went to form the coal. They are, moreover, inter- 
bedded Aviih sandstones and shales, in which similar 
vegetable remains occur, so that in the group of strata 
known as the mountain limestone series of Scotland, which 
may attain a total thickness of perhaps 300 to 400 feet, the 
amount of limestone is comparatively small. The coast- 
line at Aberlady and south-east of Dunbar affords admirable 
sections of these deposits. The following specimons chiefly 
illustrate the coast-section at the latter locality 
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79.«->C!obal limestone^ co&tainii% a mads of Uthostroiion 
ina«toeA4i. -Cat Craig, Dunbar. (Lowest bed of group.) 

go. — ^Fieb-clay. — Cat Craig. Underlies a thin seam of 
coal among the limestone, and contains numerous stigmaria 
rootlets. 

81. — Shale, containing Orihu resupinata^ &c.—- Gat 
Craig. Underlies second limestone (82). 

82. — Coral limestone. — Cat Craig. Compact crys- 
talline rock, containing clisiophyllum and cya^ophyllum. 
(Second limestone). 

83. — ^Compact crystalline limestone. — Cat Craig. 
Full of encrinites. 

84. — Shell limestone. — ^Aberlady Bay. Containing a 
mass of RhynconeUa pleurodon and Aihyris amhigua. Equi- 
valent of No. 83. 

85. — Shale. — Skateraw, S.E. of Dunbar, containing 
Spirifer trigonalis, &c. Under third limestone. 

86. — Compact grey limestone, — Cat Craig. Third lime- 
stone from base. ' 

87. — Shaly Sandstone, with double annelid burrows, 
showing the transference of material by the operation of 
worms. — ^Above third limestone. Skateraw Bay. 

88. 89. — Limestone. — Aberlady Bay. 

90. — ^Limestone. — Cat Craig. Showing a cellular suidace 
covered with small oolitic grains. 

9 1 . — Sandstone, with wonn tracks. The V aults, Dunbar. 

92. -^Sandstone, with encrinal rings. Same locality. 

93. — Limestone, showing Catida-galli markings on 
weathered surface. 


TaWo-case BoCKS OP EDINBURGHSHIRE AND LINLITHGOWSHIRE, 
in Recess 43 . Table -case F. in recess 43. 


Rocks of Pentland Hills, 

The Peptlands are a chain of hills from 600 to 1,900 fset 
high, running in a south-westerly direction from near the 
town of Edinburgh for about 15> or 16 miles, till they 
merge into the hills of Peebles and Lanark. They consist 
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fundamentally of vertical slates and grits, belonging to the TaWe-oasa 
Upper Silurian, above which lie nnconformably a series QfinBecew 48 . 
conglomerates imd grits of Old Bed Sandstone age. Inter- 
stratihed with the upper part of these later deposits, and 
piled over them to a depth of several thousand feet, occurs 
a great series of felspathic traps, disposed in regular beds 
with intercalated ashes and conglomerates, which appear 
to form the upper part of the Old Red Sandstone formation 
in this locality, since they dip below a set of calcareous 
grits and conglomerates which pass upwards into plant- 
bearing beds of Lower Carboniferous age. This chain of 
hills rises out of a great plain of carboniferous rocks which 
dip away from it on both sides, but it is not a mere anti- 
clinal ridge, for the dip of the surrounding strata has been 
much influenced by a series of large parallel faults by 
which the limits of the older I’ocks of the hills arc defi- 
nitely marked. 

Reference to the sketch-section which accompanies the 
specimens in this case will illustrate the structure of the 
Pentland Hills. On the left or west side, the lower Carbon- 
iferous strata (C) are seen reclining at a high angle upon 
the fault which has brought them down against the Silurian 
slates and grits (1). On the truncated edges of these 
latter beds rests the lowest felspathic trap (4-6a), the inter- 
vening conglomerates not occurring at the point where 
this section crosses. Two overlapping patches of Lower 
Carboniferous Sandstone and shale cover part of this lower 
felstone, as far as a long north-east and south-west fault, 
which runs along the flanks of the hills. The effect of 
this fault, as shown in the section, is to bring down the 
lower felstone (4-6a) and its overlying strata against 
Silurian slates ; in short, to repeat the structure observable 
at Warklaw Hill. From this fault across to the south- 
eastern flank of the hills the rocks follow each other regu- 
larly, dipping S.E. at an average angle of about 25® to 30®. 

The felstones occur in distinct beds, alternately dark and 
pale, so that even at some distapce their true bedded form 
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can be made out from the difference in colour which the 
in Beom 48» exposed crags present. Each of the felstone beds repre- 
sents a lava-flow. The ashy layers (22, 28-9, 35-8) which 
occasionally separate them, mark the dust and lapilli ejected 
between the successive eruptions of lava, and the conglo- 
merate bands (9a, 19, 22) point to periods of rest when the 
waves and submarine currents acted upon the hardened 
lava-streams, breaking off fragments from them, and forming 
. . in this way beaches of coarse gravel and shingle, or of 
finer felspathic mud and sand, which vary in colour and 
composition with the character of the rocks whence they 
were derived. The history of the Pentland Hills accordingly 
is briefly as follows : — ^During the period ' of the Old Red 
Sandstone, the site of these hills was marked by a series of 
low slate islands, which the waves wore ever wearing 
down and covering with sand and coarse shingle, repre- 
sented now by the great masses of conglomerate and grit, 
which, at the south end of the chain* are seen to fringe 
round the exposed hills of slate. When tJ^Tiollows between 
the islets had become more or less filled up, and the islets 
themselves, wasted by the abrading power of the sea, had 
probably in large measure disappeared, a volcanic vent 
opened somewhere near the north end of the range, and 
poured out the sheet of lava (4-6a) ; subsequently another 
flow (7-9) of a diflerent kind of rock was thrown out over 
the surface of the former, and the portion of it left can be 
traced for upwards of t'wo miles. A pause then ensped, 
when the ocean recommenced the work of destruction, 
and formed, partly out of the subjacent lava-flows, and , 
partly out of the sand-banks and islets not yet covered 
by igneous rock, a bed of sandstone and conglomerate 
(9a). Another series of felspathic lavas (12-14), was 
thereafter erupted, the existing remains of which form a 
chain of hills about five miles long. The stratum (19), 
consisting of felspathic grits and conglomerates, indicates 
another pause, and a condition of things similar to that of 
9a. TTiese sedimentary materials were eventually covered 
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over by n stream of. dark crystalline falgtone (20), which, Tkbie^ 
after a pause, marked by the felspathic, ashy, and conglo* 
meratic beds (22), was followed by another eruption of a 
similar lava (23, 4), which runs south to Carlops, a distance 
of about ten miles. The next eruption was that of the 
ash (28, 9), and then followed the great stream of light 
pink felstone (30-4) which now forms the highest peaks of 
the hills, and can bo traced in a south-westerly direction 
for six or seven miles. The upper part of this bed shows 
indications at several points of another shower of ashy 
fragments (35-8), which was succeeded by a series of dark 
crystalline and vesicular lavas (40-48), forming the last of 
the eruptions of this Old Red Sandstone volcano. When 
the igneous materials ceased to be ejected, the appearance 
of the locality must have been widely different from what 
it was when they began. The islands of slate had probably 
been almost entirely covered up either by the accumulation 
of their own debris, or by the volcanic matter thrown 
around and over them. A long bank of lava and ashes, 
scarcely, if at all, raised above the sea-level, occupied their 
site, and suffered in turn the same abrading effects from 
the action of the sea. In time a mass of sand and shingle, 
represented by the grits and conglomerates of the upper 
Old Red and Lower Carboniferous groups, accumulated on 
the site of the ancient volcano ; the whole area underwent 
a gradual process of subsidence until several thousand feet 
of sand, mud, lime, and peaty matter — the sandstones, 
shales, limestones and coals of the Carboniferous series — 
had gathered over the submerged ree£ In long subsequent 
times a re-elevation took place, denuding agencies again 
commenced to abrade the rising land, until the whole of 
the superposed strata, to the depth of 5,000 or 6,000 feet, 
were worn away, and the ancient lava-flows, and parts of 
the old slate-islands, once more appeared above the waves, 
to form what we now know as the chain of the Pentland 
Hills. 

1,„Puufle Grit (Upper Silurian). — Habbie’s Howe. 

6ne of the thin gritty beds intercalated among vertical 



2, — GrBEEN QUARTZY CONOLOMIERATE (Old Red SlUld- 

staie). — .Side of River Esk, Fairliehope. The matrix is 
graimlar and chiefly quartzy, with a few specks of yeife^ 
felspar. The pebbles are here small^ well-rounded* and 
derived from the hard green grits of the underlying 
Silurians. ' . ^ . 

3, — Grit (Old Red Sandstone). — ^Bed of Es^ below 
Fairliehope. Granular quartzy rock, not distinguishable 
in hand specimens from some of the vertical grits of the 
Silurians below. The old red sandstone of the Pentland 
Hills has nearly always a greenish colour, corresponding to 
the green tint of the slates and grits from which it has 
been derived. 

4, 5, 6, 6a.— From the lowest bed of felstone, Warklaw 
Hill. 

4. — Felstone (Old Red Sandstone). — ^Warklaw Hill. A 
very compact dark felspathic rock from the uuder part of 
the bed. 

5. — Felstone PORi’HYBY. — ^North side of Torduff Re- 
servoir. This specimen, from a higher part of the bed, 
shows a granular crystalline texture largely impregnated 
with carbonate of lime. 

6. — Amtopaloidal felstone porphyry. — ^N brth side of 
Tbrduff Reservoir, from the highest part of the bed, 
showing the vesicular cavities of the upper layer of a lava 
stream, once filled with gas or steam, and subsequently 
filled up with calcedony, quartz, or carbonate of lime, carried 
in solution by water and deposited round the walls of the 
vesicles. 

6a. — AMYGDAlOmAL FFXSTONE FORfHYBY.^South-^^t ' 
comer of White Hill Plantation. This specimen is from 
the kame bed, where it is repeated on tlic es^tsrn side^t^ 
thO'.&nlt* 

7..10, — ^From the second felspaiMe bed in the seeti^ 
forming Torduff Hill on the west side of the fault, and re- 
peated on IS^bourHifl on tim east ^ 
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7. — Fblstone. — S outh side of TordufF Reservoir, from Tabfe-case 
under part of second bed, where the rock is darker in . 43 
colour. 

8 . — Felstone. — South side of Torduff Reservoir. Light 
flesh-coloured dull felspathic rock with scattered crystals of 
felspar. Torduff Hill is entirely formed of a felstone of 
this character, often with a mottled and brecciated ap- 
pearance. 

9. — Felstone — Stream south of Whitehill Plantation. 

Earthy, dull, fine-grained felspathic rock ; from same bed as 
last two specimens, but on east side of fault. 

10 . — ^Felstone porphvry. — Ravine west of Green Craig. 

Dull, meagre, felspathic rock with crystals of felspar. 

Weathers light brown, from upper part of last-named bed. 

At the north end of the hills above the two felstone beds 
just described there is a good deal of confusion, owing to 
the number of small lenticular patches of different felspathic 
traps. From the fact of the number, and of the greater 
thickness of the igneous rocks generally towards this end 
of the chain, it may be inferred that in this neighbourhood, 
lay the vent from which they proceeded. The felstone 
( 7 - 10 ) is followed at the Bonally pond by a thin seam of 
sandstone and conglomerate, marked 9a in the section. 

1 1 . — Felstone. — Green Craig. Dark compact, crystalline 
felspathic rock, from one of the narrow lenticular patches 
at the north end of the hills. 

12-14. — From felstone bed above the conglomerates 9a. 

12. — Felstone. — Glen between Belld Hill and Harbour 
Hill. Dull, earthy felspathic rock, mottled yellow and 
yellowish purple, with small black decomposing grains, 
perhaps of felspar. 

13. — Felstone. — From same locality ; a whiter, more 
crystalline felspathic rock, without felspar crystals. It de- 
composes with a white surface, and its bleached fragments 
strew the hill sides as long grey lines of rubbish. 

14. — ^Felstone. — North Black Hill. A light flesh- 
coloured felspathic rock, very compact; breaks with a 

• *x 
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Tabto-ease oon^boidal fracture. The rock, in mass, is much traversed 
inB«o^a 48 . by joints, two of which are shown on the sides of this 
specimen. 

15. — Felstone. — Quarry on north side of Shearer Knowe 
north end of Pentlands. Dark blue compact rock ; breaks 
with conchoidal fracture, weathers greenish yellow. This 
specimen belongs to a higher lenticular patch at the north 
end of the hills, and, with the following three, passes 
northwards into the Braid Hills, which are a prolongation 
of the beds of the Pentland Hills. 

16. — Felspathic ash. — Roadside, quarter of a mile north 
of Swanston. Felspathic rock made up of angular fragments 
of different felstones, chiefly of a soft white variety. This 
ash bed occupies a very limited area among the lenticular 
felstones. 

17. — ^Mottled pelstone. — Ist Quariy west of JJpper 
Braid. Compact mottled felspathic rock, one of the lower 
beds of Braid Hills. 

18. — Compact felstone. — Cayiside Quarry, 2 miles 
south of Edinburgh. This dark fine-grained rock occurs 
above the ash No. 16, and appears to pass northwards into 
the darker felstone of the Braid Hills. 

19. — Green felspathic conglomeritic grit.— -Quarry 
between Belld Hill and Knightfield Rig. This rock appears 
to be made up in great measure of the debris of the felstone 
bed (12-14) and of the green Silurian grits. The pebbles 
are partly of yellow felstone, partly of green grit, and all 
well rounded. 

20. — Felstone. — North side of north-east comer of 
Loganlee Reservoir. Compact crystalline rock veined with 
carbonate of lime, and sprinkled with hasmatite, from bed 
overlying No. 19, and running along the north side' of the 
Logan House Valley for upwards of four miles. 

21. — ^Felstone.— Mouth of Howlet’s House Burn. Com- 
pact pinkish white felspathic rock like No. 14 ; occurs in 
thin beds above the dark felstone No. 20. 

22i*— F elspathic ash. — ^North-east side of Loganlee Re- 
servoir. This rock occurs in thin strata, consisting of 
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fragmcmts of different felstones imbedded in a pale yellowish Tatb^^saae 
pink felspathic base. It rests immediately upon the white tn Beetle, 
thin-bedded felstone 21. . Further north-east, this inter- 
calated band becomes more conglomeratic until it finally 
passes, below Castlelaw Hill, into a coarse conglomerate of 
rounded felstone and grit fragments. 

23. — Felstone. — South side of south-west corner of Lo- 
ganlee Reservoir. Compact crystalline rock lying above 
the ash beds (22). This bed is one of the most marked of 
the series ; it runs from Carlops to beyond Caerketton Hill, 
a distance of about 10 miles. In the upper partdt becomes 
highly amygdaloidal (No. 24). 

23a. — Compact blue Felstone. — Stream on the west side of 
Castlelaw Hill ; from same bed as last specimen, but further 
north. 

24. — ^Amygdaloidal felstone. — East Kipp Hill. Cho- 
colate coloured felspathic rock, with numerous cavities, 
some of which are filled up with quartz crystals, others 
being empty from the decomposition of the enclosed mineral. 

This specimen forms part of the same bed as 23. 

Between this and the next felspathic trap are inter- 
calated thin lenticular patches of grit and conglomerate 
that appear to have filled up hollows existing on the 
surface of the underlying lava-flow. The next two spe- 
cimens (25 and 26) illustrate these sedimentary interstrati- 
fications. 

25. — Grit. — Road side, quarter of a mile north of Carlops. 

Dark quartzy felspathic rock, scarcely distinguishable from 
some of the more granular felstones. 

26 — Felspathic conglomerate. — West side of South 
Black Hill. Rounded felspathic fragments, imbedded in a 
granular felspathic paste. 

27. — ^Felstone. — Above turnpike road, a quarter of a 
mile N. of Carlops. Dull, compact, slightly vesicular fel- 
spathic rock from lenticular bed among the grits and con- 
glomerates represented by No. 25. 

28. — Felspathic ash. — South-west side of Castlelaw 
Hill. 

X 2 
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V gft. FfiL^ATHio ASH.~Quarry between Scald Law aad 
, ttBMMiil.Carneiby; from the same bed but farther souths where it 
overlies the grits and conglomerates (25 and 26). 

30-34 are from the bed which forms the highest peaks 
of the chain, and runs from Caerketton Hill 7 miles to 
Walstone. They are arranged to show the changes of the 
rock in its course along the hills. 

30. — ^Brecciated felstone. — Top of Caerketton HilL 
Fragments of hornstone-like felstone imbedded in a looser- 
grained dull felstone. From the north end of the bed. 

31. — ^Brecciated felstone. — S.W. side of Castlelaw 
Hill. Collected about 1 J mile S.W. of the last specimen. 

32. — Felstone. — Castlelaw Hill, very compact, horn- 
stone-like rock from the same locality as 31. 

33. — Felstone. — Quarry between Scald Law and Cai- 
ne thy. White dull felspathic rock with crystals of a blacky 
decomposing mineral, pos.sibly augite, 2 miles S.W. of 32. 

34. — Vesicular felstone. — Braid Law. Dull earthy 
felspathic rock, concentrically mottled ; weathers with a 
rough orange-coloured surface, 1-^ mile south of 33. 

35-38. Illustrate an ashy layer which rests upon the last 
described bed of felstone (30-34). They are also arranged 
to show the different clmnges of the rock from north to 
south. 

35. — Felspathic ash.— Top of Caerketton Hill, north 
(md of range. Angular fragments of white and pink 
felstone embedded in a granular felspathic matrix. 

36. — Felspathic ash, from the same locality. Showing 
angular and rounded felspatliic fragments in a pinkish 
felspathic paste, 

37. — Felspathic ash. — Roadside north of Camp Hill 
5 miles south of 35 and 36. The fragments here are mostly 
sub-angular, the paste being of a pinkish colour and granular 
texture. 

38. — Felspathic ash. — Walstone. 1 mile south of 37. 
llie beds at this locality are finely stratified, of a light 
yellow colour and nearly vertical, a^inst a large fault 



APPENDIX 


m 


which skirts the whole of the south-eastern flank of the 
Pentlands. 

39. — Felstone porphyry. — Quarry above Woodhouselee. 
White dull felspathic rock with crystals of pink felspar and 
small rounded grfinules of dark -coloured quartz. 

40- 45 are from the dark-coloured felstone that overlies 
the Scald Law, Carnethy, and Castlelaw bed, and runs 
from Walstone northwards for about 8 miles, till lost among 
the upper felstones of the Braid Hills, which are probably 
on the same horizon. Although referred to here as one 
bed it is not unlikely that there may be several, so similar, 
however, in composition and so obscured by the herbage 
and debris of the south-eastern declivities of the hills that 
their limits cannot be traced. The specimens are arranged 
to show the varieties of this felstone from the south end at 
Walstone to the north end at the Braid Hills. 

40. — Felstone rourHVTiv — Quarry west of road between 
Braidwood and Walstone. Decomposing felspathic rock 
with numerous crystals of white felspar. 

41 — Felstone rortriiYiiy. — North side of Camp Hill. 
Dull, meagre felspathic rock, finely vesicular with small 
scattered crystals of felspar. Collected about three-quarters 
of a mile north of 40. 

42. — ^Felstone porphyry. — Quarry south-east side of 
Carnethy. Very compact crystalline rock with small 
granules of amethyst and large felspar crystals. Those 
crystals have a thin tabular form, sometimes half an inch 
broad, and are disposed in ])lanes which give a rudely 
fissile structure to the rock. Collected about a mile and a 
half north of the last. 

43. — Felstone. — ^East end of Hillcnd Hill. Red crystal- 
line rock with disseminated crystals of glassy felspar. 

44. — ^Amygdaloidal felstone. — ^East end of Hillend 
Hill. Red and crystalline like 43, of which it forms an 
upper part, with numerous kernels of calcedony, quartz, 
and sometimes green earth. 
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45. — ^Felstoxe. — Quarry on roadside south of Hillend 
^ south of Edinburgh. An upper part of sajne 

bed, showing the same red crystalline texture, all the 
jointed surfaces being slicken-sided and covered with a 
thin coating of serpentine. This is the highest bed of the 
Pentland Hills ; the next specimens illustrate what seems 
to be the same felstone, or one on the same horizon in the 
Braid Hills. 

46. — FeIstone. — ^Blackford Hill Quarry. Very compact 
crystalline rock, joints coated with ha&matite and carbonate 
of lime. 

47. — Felstone from same quarry, finer grained than 46, 
with a trace of the striped character so marked in the 
rock of Traprain Law, Haddingtonshire. (Table-case E 
No. 53.) 

‘48. — ^Felstone. — Quarry west of Liberton Tower, Braid 
Hills. Very compact, dull felspathic rock, with crystals 
and veinings of carbonate of lime. 

At Habbie’s Howe, and also at Liberton, the felstones of 
the Pentland Hills are covered by a conformable series of 
conglomerates and conglomeritic grits belonging apparently 
to the upper Old Red Sandstone. These graduate upwards 
into a set of calcareous conglomerates and reddish sand- 
stones, forming here the bottom beds of the carboniferous 
rocks. 

49. — Conglomerate (Upper Old Red Sandstone). — 
Habbie’s Howe, Pentland Hills. The pebbles are well 
rounded, consisting of felstones, jaspers, and grits imbedded 
in a granular quartzy and felspathic paste, the whole being 
derived from the waste of the Silurian and Old Red grits 
with their overlying felstones. 

50. — Calcareous Conglomerate (Passage beds be- 
tween Old Red Sandstone and Lower Carboniferous). — 
Liberton Hill, Edinburgh. The basis is a calcareous sand, 
and the pebbles, generally well rounded, consist partly of a 
compact cherty limestone, partly of difierent felstones, and 
sometimes of various grey micaceous grits. 
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31. — Sandy Conglomerate (Lower Carboniferous) — TaWe^jase 
West side of Harbour Hill, at the point marked X in the 
section. The basis here is sandy, micaceous, and consider- 
ably felspathic ; the pebbles are chiefly well rounded pieces 
of yellow and pink felstone, like that of the upper part of 
Harbour Hill, from which they were probably derived. 

52. — Sandstone (Lower Carboniferous). — From a higher 
bod at the same locality as 51. 

The town of Edinburgh stands upon Lower Carboniferous 
Sandstones and shales, higher in position than the sand- 
stone at Harbour Hill [52]. They dip eastwards and pass 
under the traps of Arthur’s Seat and Calton Hill ; two hills 
of which the remainder of the specimens in this case are 
illustrative. The section accompanying the specimens is 
drawn through the central ridge of the town from a point 
west of the Castle rock to the coal-field beyond Fortobello, 
a distance of about five miles. The lowest strata are the 
sandstones and shales which recline against the fault on the 
east side of the Castle rock. They continue with an 
easterly dip to Arthur’s Seat, where their higher portions, 
retaining the same general character, are seen interstratified 
among different traps. The general contour of Arthur’s 
Seat, as well as the area of some of the rocks described 
below, is shown on the model in Recess 2, 

Rocks of Arthur’s Seat. 

Arthur’s Seat, is the name of a hill about 820 foot high, 
and a square mile in extent, forming the eastern boundary 
of Edinburgh. It consists of two parts, separated by the 
deep valley of the Hunter’s Bog ; that to the west rises 
from the streets of the town in a steep slope crowned by a 
semicircular mural escarpment, called Salisbury Craigs, 
which descends on the other side into the Hunter’s Bog. 

The eastern portion of the hill is formed of successive 
terraces with dividing valleys, running north and south, 
jtheir southern terminations being marked off by a confused 
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pile of rock which slopes up from the aorth aad emU and 
in B«4 w 48, descends precipitously on the other This higher 

part of the hill which, seen from certain localities looks like 
a great irregular cake laid down upon the lower ridges, is 
crowned by a crag of basalt forming the summit, or Arthur’s 
Scat proper. To this peculiar contour the geology of the 
hill bears special reference. The ridges are all of hard 
trap ; the intervening valleys consist of softer rocks, which 
have yielded more readily to disintegration ; while the 
higher irregular mass of rock at the south side belongs to a 
much later age, and is really what it appears to be, a newer 
group of ridges set down on the tops of the older ones. 
The hill is thus of two distinct geological ages. The older 
rocks form part of the Lower Carboniferous series, and are 
all inclined to the east at an average angle of about 20®. 
The under or westerly part consists of a set of wbi^ j:ed,. 
green, and mottled sandstones, fine conglomeritic grits, 
coarse limestones, and red and green shales, among which 
are intercalated intrusive beds of greenstone, that harden 
and otherwise disturb the strata above and below them. 
The upper or eastern portion displays a great group of 
contemporaneous trap-rocks, that is, basalts, greenstones, 
felstones, and felspathic ashes, which were ejected over the 
sea-bottom after the sandstones and other strata below had 
been deposited. All these are arranged in beds which 
follow with great regularity the dip and direction of the 
underlying sedimentary rocks, and pass under a higher 
series of sandstones and shales, the whole forming part of 
the great Lower Carboniferous group. 

The newer rocks of Arthur’s Seat belong to a much later 
period, for they rest upon the upturned denuded edges of 
the beds below. The older traps had been covered over by 
sevei'al thousand feet of newer deposits ; the rocks of the 
whole country had been bent into troughs and ridges, and 
then the whole of this superincumbent mass had been worn 
away from the site of Arthur’s Seat, whose trap beds again 
stood up as ridges, with the sea excavatiiig vaUeys throufi^ 
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the softer rocks between ; — ^all this had elapsed before the TablMMe 
rocks of the summit and south side of the hill were ejected. 

The7 were suspected by the late Professor Edward Forbes 
to be of Tertiary age, a supposition which future investi- 
gations in other parts of the country may not improbably 
confirm. The lowest and of course oldest of these newer 
rocks consist of a coarse ash or volcanic conglomerate, which 
lies upon the inclined edges of the greenstone beds below, 
as a great irregular mound, forming the centre and highest 
part of the south side of the hilL Local patches of other 
trappean materials occur on the top and sides of this mound, 
while its summit is pierced by a column of basalt, forming 
the crag at the top of the hill. Along the steep clifls below 
the western front of this crag, a section can be seen of part 
of the column in its descent through the ash. Several veins, 
proceeding from its sides, traverse the adjacent rocks, and 
in one locality completely envelope a large mass of ash. 

The arrangement of these later materials leaves little room 
to doubt that they were erupted from a crater of which the 
site is now occupied by the summit of Arthur’s Seat. The 
ash contains large masses of nearly all the rocks of the hill, 
and must at one time have filled up all the neighbouring 
valleys, and perhaps even a considerable area of the 
surrounding district, for only a fragment round the old 
crater now exists. It thus appears, that Arthur’s Seat has 
been, at a widely separated interval, the site of two distinct 
volcanos ; one during the Lower Carboniferous period, 
after the Pentland Hill crater had been long extinct ; the 
other, at a far later time, when the physical aspect of 
the country had been totally changed, and a new vent 
burst through the deposits of the ancient one. After 
successive eruptions had formed a mass of rock and debris 
several hundred feet deep, represented now by tho ash, 
there rose through the crater a column of melted lava, 
which ejected veins into the sides of the cavity, but seems 
^ have cooled ere reaching the top, for there remoina no 
evidenoe of its ever having flowed down the sidea of the 
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Ttbidfm hill as a laya*^8tream. This was the last of the eruptions 
iaBieoeis4a^^^^^ forced their way by the central crater* There are 
traces however, of what seem to have been two later 
eruptions, through at least one lateral fissure, where a thick 
bed of columnar basalt is connected with a narrow neck, 
rising from out a mass of ashy debris, and is overlapped by 
a mass of felstonc. The present contour of the hill has 
been in largo measure determined by later denuding 
agencies, which have stripped off the softer ashy covering, 
save where protected by some of the harder traps, and 
scooped out anew the gently undulating valleys. Glacial 
action has also contributed to give the rocks a smoothed 
and rounded form. 

The following specimens are arranged stratigraphically, 
beginning with the lowest, and for the sake of local con- 
nexion the intrusive traps, instead of being inserted in 
Table-case C (Lower Compartment), are grouped in the 
order of succession here. 


(Lower Carboniferous.) 

53, 54. — ^PonrHYRiTic Greenstone, Heriot Mount. — This 
is the lowest of the intrusive traps. It is surmounted and 
underlaid by red and white altered sandstones. The usual 
character of the rock is that of a hard blue greenstone with 
disseminated crystals of felspar (as in No. 53), but in other 
parts it becomes much redder in colour, more compact in 
texture, and very sparingly porphyritic. (No. 54.) 

55, — CoNGLOMERiTic SANDSTONE, at the Hawse, Queen’s 
Drive. — This specimen is from a bed a little way below the 
next bed of greenstone. Like a large number of con- 
glomerates in the lower part of this series, it contains a 
considerable admixture of lime, both as limestone fragments 
and in the base. (See under 48-50.) 

56. — Augitic greenstone. — Salisbury Cra^. Intruded 
among sandstones, shales, &c. This is the second sheet of 
intrusive trap. 
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57. -^UKCTI0N OP GKBENSTONB AND SANDSTONE, from TiOjIoKjiwe 

base of greenstone bed, south side of Salisbury Craig. 43 , 

Both rocks are much altered ; the greenstone has acquired 

a fine texture and red colour, while the sandstone shows a 
vitrified aspect like quartz I’ock. The greenstone is marked 
a, the altered sandstone b, (See also 235 and 236, in 
Table-case C, Bower Compartment.) 

58. — Augitic greenstone from dyke, cutting through 
greenstone of Salisbury Craig, full of crystals of car- 
bonate of lime. 

59. — Rlppled sandstone, from quarries above green- 
stone of Salisbury Craig. 

60. — White sandstone, from same quarries. 

61. 62. — Augitic greenstone, porphyritic, from the 
Dasses. This is the highest of the intrusive greenstones. 

It forms a low irregular ridge parallel with the Hunter’s 
Bbg, and consists of several beds intruded among sand- 
stones and shales. A short slope, probably covering similar 
sedimentary rocks, intervenes between this and the crag 
called Long Row. 

63. — Greenstone, Long Row ; very black compact, ap- 
proaching a basalt, with scattered crystals of augite and 
amygdaloidal nodules. This bed has a rudely columnar 
structure, and is the oldest of the contemporaneous traps. 

It is succeeded by ashy beds, the junction being seen on 
the south side of the Queen’s Drive. 

64. — Amygdaloidal greenstone, below St. Anthony’s 
Chapel, contains grains of specular iron, veins of Inematite, 
and cavities filled with carbonate of lime, calcedony, &c. 

It is covered immediately by 65. 

65 . — Ashy carbonaceous shale, with remains of plants 
and scales of Holoptychius, &c. — Below St. Anthony’s 
Chapel. 

66 — Green felspathic ash. — Dry Dam. Greenish, 
granular, felspathic rock, well stratified, containing nu- 
merous angular fragments of greenstone, altered shale, 

&c., with irregular fragments of cherty limestone. 





ST.— BAsitT.— Lowest bed above ash of Dry Dam ; cohi- 
pfact black rock with granules of green serpentine, 

68^70. — Three specimens, to illustrate the passage of a 
basalt, like No. 67, into a felstone porphyry. — South end of 
Whinny Hill. Collected within a space of 15 yards. 

71. — Felstone Porphyry. — Side of Queen's Drive, east 
of St. Anthony’s l/och. Dull felspathic rock, with crystals 
of specular iron, and felspar with vesicular cavities, filled 
with a brown decomposing mineral. This bed succeeds the 
basalts and passes into them imperceptibly, as in 68-70. 
It is followed by other felstone beds, of which the next 
three specimens arc examples. 

72. — Amygdaloidal felstone porphyry. — Queen’s 
Drive, east of St. Anthony’s Loch. — Cavities numerous, 
often large, filled with calc spar, calcedony, and green- 
earth ; generally lined with green*earth, frequently empty. 

76.— Felstone I’ORPhyry. — East of St. Anthony’s Locii. 
Red, compact, with grains of specular iron and crystals of 
felspar. 

74. — ^Felstone. — ^East of Queen’s Drive, east end of the 
hill. This is the highest visible bed on Arthur’s Seat. It 
is darker, more homogenous and crystalline than most of 
the felspathic rocks below, and has a granular texture, 
sparingly porphyritic. 

Lower carbonii^'erous contemporaneous Traps of 
Calton Hill. 

To the north-west of Arthur’s Seat, from which it is 
separated by a deep valley, lies the conical rounded emi 
nence called the Calton Hill. It consists of diiferent bedded 
felstones, with intercalated seams of ash, and corresponds 
closely with the eastern part of Arthur’s Seat, of which, 
indeed, it forms geologically a part, the two hills being 
separated by a large fault. The bed marked 67 of Arthur’s 
Seat, answers to the lowest visible bod of Calton Hill [75], 
and the porphyries which supervene have the same gener^ 
character on both hills. The ashy beds of the Calton Hill 





liaVe not indeed been detected on Arthur's Seat, but such TaUMse 
beds throughout the carboniferous rocks of central Scotland, inE 6 eei 94 a» 
are usually of very limited extent. The Calton Hill beds 
may be regarded, therefore, as the northward prolongations 
of Nos. 67-74 of Arthur’s Seat, separated by a fault which 
is a downthrow on the north. 

75. — Greenstone. — Below Regent Bridge, Edinburgh. 

Lowest of Calton Hill beds. Compact fine-grained rock, 
with granules of green serpentine. 

76 — Felspathic ash. — Below Nelson’s Monument. 

Greenish stratified felspathic rock, with rounded felstone 
fragments. 

77. — Felstone PORPnrRY. — ^Below Nelson’s Monument. 

Dull compact felspathic rock, with crystals of pink 
felspar and carbonate of lime, from bed interposed between 
76 and 78. 

78. — Felspathic ash. — ^Below Nelson’s Monument. 

Rounded and aubangulur fragments of different coloured 
felstones, imbeddcjd in a dull reddish granular felspathic 
paste. The two flat surfaces of this specimen show the 
thickness of a stratum of this ash, 

79. — ^Felstone poiiruYny. — ^Below Nelson’s Monument. 

80-83. — Stones from bed of ash, east of Nelson’s Monu- 
ment. 80 and 81 show the rounded form of most of the 
enclosed fragments ; 82 and 83 are pieces of larger stones, 
broken, to show the nature of the rock, which is an amyg- 
dtiloidal felstone porphyry, resembling 77. 

84. — Felstone. — East of Nelson’s Monument. This con- 
centrically stained compact rock forms the highest bed of 
the hill, and agrees closely with the highest bed of the 
Arthur’s seat s(*ries, as shown in the railway cutting at 
St. Margaret’s. 

Rocks op Craiglockhart Hill. 

Craiglockhart Hill, about 3 miles S.W. from Edinburgh, 
belongs to the same series of traps as Arthur’s Seat and 
Calton Hill. It consists of a bed of light yellowish-^reen 
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Miljpiiltitic a»li| dipping westward^ and capped by i bed pf 
ia fiee^ 4 »« columnar greenstone. 

85. — ^Felspatbic ash, Craiglockhart HUl. Soft yellowish ^ 
felspathic rock, with scattered felspar crystals. 

86. — AMroBALOiDAL GREENSTONE. — Craiglockhart Hill, 
from thick columnar bed above ash. — This rock may be 
compared with 67 and 75, with which it is not improbably 
contemporaneous. The ash (85), too, maybe compared with 
the Arthur’s Seat bed (66) underlying a bed of augitictrap, 
as is the case here. 

Newer (Tertiary ?) Volcanic Rocks op Arthur^s 
Seat. 

The relations of these rocks, which, as already explained, 
belong to an age much later than any of the other rocks of 
these countries, and are introduced here merely for the sake 
of local connexion, are shown in the section. 

87-89. — Felspathic ASH. — S. side of Queen's drive. The 
later ash of Arthur’s Scat is an irregular mass of rounded 
and angular blocks of different greenstones, felstones, and 
sandstones, sometimes several feet in diameter, imbedded in 
a felspathic paste. Sometimes this paste is loose and 
granular, with few imbedded stones, as in 87 ; sometimes 
it presents a harder consistency, as in 88, while at one point 
on the south-eastern declivity of the hill, the rock is as 
hard and compact as any greenstone, as in 89. 

90-95. — Stones from later ash. 

90. — Fragment of sandstone. 

91, 22. — Fragments of cherty limestone. These speci- 
mens show the rounded form characteristic of most of the 
imbedded fragments. 

93, 94 — Fragments of amygdaloidal greenstone. Com- 
pare these specimens with bed No. 64. 

95. — Fragment of felstone porphyry. Probably broken 
off from some of the beds, 71-74. 

96. — ^Basalt. — Top of Arthur’s Seat. Where not wea- 
thered, this rock has a black very cmnpact texture, but 

I 
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<m ^poeare it acquires a red tinge visible alor^ the joints^ 

and in spots in the interior. inAe^is. 

97. — PoBPHYRiTic BASALT. — ^Lion’s Haunch, with large 
crystals of augite, and grains of olivine. This bed is dis- 
tinctly columnar and seems to have proceeded from a 
narrow vent on the south side of the hill. 

98. — Felstone porphyry. — Head of Dry Dam. Gra- 
nular felspathic rock, with crystals of specular iron and 
felspar. This is the latest of the eruptions of which any 
trace remains. It covers the ash (87-89), and overlaps the 
basalt (97). 


TablO-CaS8 C, (Upper Compartment.) 

Rocks op Edinburghshire and Linlithgowshire. 

The specimens in this case continue the geology of ^’^bWase 
Edinburghshire, through the higher rocks of the series up 
to the Coal Measures of Linlitligowshire. They ai'e ar- 
ranged to show not only the different stratified rocks, but 
also the contemporaneous traps as these occur in the 
ascending series. The Lower Carboniferous group, or that 
which lies below the Scotch mountain limestone is made 
up of a set of white sandstones, blue and black shales, and 
ironstones, thin limestones, with occasional meagre seams 
of coal. Throughout this series occur beds of stratified 
ash and masses of intrhsive and occasionally contempora- 
neous greenstone and basalt. The mountain limestone of 
Linlithgowshire consists of several beds intercalated be- 
tween seams of ash, greenstone, sandstone, shale, coal, &c.; 
the limestone itself being not unfrequently ashy in com- 
position. Above these marine beds the true Coal Measures 
occur with enormous sheets of contemporaneous greenstone, 
sometimes 300 or 400 feet thick, interstratified among the 
beds. These igneous rocks do not affect the quality of the 
coal, and have been bored through to reach the coal-sei^s, 
which are extensively worked below them. 
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Lowbb Cabboniferous Bocks in ascbnpino Series from 
* t THE Pentland Hill Chain into Linlithgowshire. 

99. — Brecclated limestone. — Cock Born, near West 
Brooky 10 miles »S.W. of Edinburgh. This specimen and 
100, are illustrative of the numerous thin calcareous bands 
in the lower carboniferous rocks of Edinburghshire. 

100. — Limestone. — ^Railway, at Seims, Kirknewton. 

101. — Pblspathic ash. — Bed of Linhouse Water, at 
felspathic dyke. South end of Calder Wood, Edinburgh- 
shire ; sandy felspathic rock with white angular felspathic 
fragments. 

102. — ^Altered sandstone. — ^Bed of Linhouse Water, 
below Red Craig. This rock is traversed by a mass of 
felspathic, greenstone [254] similar to that which occurs 
with 101. 

103. — ^Black shale. — Hanging Craig, Granton. Plants 
and coprolitic nodules occur in these beds. Below the 
Granton and Craigleith sandstones [104-5] there is a set 
of black shales, which at Wardie enclose nodules of clay 
ironstone, containing coprolites and other fish remains. 
These shales are remarkably persistent, extending south- 
ward for several miles until they abut against the fault 
which flanks the Pentland Hills. 

104 White sandstone — Granton Quarry. This rock, 

extensively used as a building material, forms part of a 
great series of white sandstones, which occupy a large part 
of the western area of Edinburghshire, and the contiguous 
portion of Linlithgowshire. They overlie the dark shales 
[103], and graduate upwards into the shales and sandstones 
that contain the Burdie House limestone. 

105. — ^White sandstone. — Craigleith Quarry. Out of 
this famous quarry most of the New Town of Edinburgh 
has been built. The rock forms part of the same sandstone 
as that of Granton. 

106 — Felspathic ash — Lauriston Cottage, two miles 
W. of Granton. Compact sandy felspalhic rock, with : 
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white felspathic fragments and irregular pieces of hardened 
shale. 

107. — Pblstonb. — ^Railway cutting 1-| mile N.E. of 
Harburn Station. Dull compact felspathic rock forming 
part of the largo bed of Corston Hill. The section dis- 
played at the railway shows several intercalations of ash, 
of which 108 is a specimen. 

108, — Felspathic ash, from same locality.-^Angular 
and sub-angular fragments of different felstone in a dull 
yellow felspathic paste. Many of the fragments in these 
ash-beds resemble parts of the Pentland Hill rocks. 

109., — Sandstone, with iron-stains. — Bed of Linhouse 
Water at foot-bridge, half a mile above Camilty Bridge. 

110. — Quaktzt grit. — Bed of Linhouse Water, 300 
yards above Camilty Bridge. 

111. —Felspathic ash. — Bed of Crosswood Water Har- 
bour Hill Works, Edinburghshire. Calcareous felspathic 
rock, with large admixture of crystalline carbonate of lime, 
in greenish felspathic paste. 

112. — Felspathic ash, — South end of Binny Craig, 
Linlithgowshire. This specimen is taken from a circular 
patch of dull brownish black argillaceous ash, occupying 
the top of an anticlinal dome-shaped ridge. It underlies a 
set of calcareous shales (Burdie House limestone), and may 
be connected with a series of similar patches which, by the 
convolutions of the strata throughout the eastern part of 
this county, are found on the denuded tops of the anticlinal 
axes, diiiping below similar shales (113). 

113. — Felspathic ash — Tor Hill, Ecclesmachan, Lin- 
lithgowshire. Dull greenish grey brecciated felspathic 
rock, consisting of green angular felspathic fragments which 
(contain rounded grains of quartz, and are imbedded along 
with rounded pebbles of cherty limestone, in a dull grey fel- 
spathic and calcareous paste. The rock in mass frequently 
shows angular fragments of yellow baked shale and balls 
of different traps. It underlies a set of shales similar to 
those near 112. (See 126.) 

Y 
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Hie next importent stratum in aseending ofder, 
trated by the specimens in this case, is the Burdie House 
limestone. That rock, where it occurs typically, at Burdie 
House, four miles south-east of Edinburgh, attains a 
thickness of 27 feet. It there has a dull yellowish or 
biueish grey colour, and in certain strata has a finely-striped 
appearance, owing to the greater or less amount of carbo- 
naceons matter in the layers. It is compact, not crystalline, 
or only sparingly so in certain bands, and contains in some 
parts thin laminae of coaly matter, which impart a fissile 
structure. Fossils are abundant, and consist of Fernsy Stig 
maruBy Lepidostrobiy Lepidodendray and other carboniferous 
plants, along with the cases of minute crustaceous animals 
called CgprideSy and teeth, scales, bones, and coprolites of 
several genera of fishes. (For these fishes, see Lower Gal- 
lery, wall-case 43.) The position of the limestone at Burdie 
House is about 800 feet below the Mountain Limestone of 
Gilmerton, a distance, however, which greatly varies in the 
districts to the west. 

South of Burdie House the limestone ceases to be trace- 
able, owing to the depth of the covering of drift. In 
several of the streams which descend from the Pentland 
Hills, however, blocks of it can be seen, indicating its 
probable continuity southwards, and at Carlops, ten miles 
south of Burdie ’ House, it is found among the vertical 
strata in the river Esk, but as two beds, four and five feet 
thick respectively. Its prolongation north of Burdie House 
is wholly uncertain : probably it is cut out by the great 
fault which, running by Liberton to Portobello, brings down 
the Mountain Limestone and overlying Coal Measure almost 
vertically against the bottom beds of the Carboniferous 
group. The thickness of the rock at Burdie House is pro- 
bably exceptional, the rock there seeming to have been 
formed in a hollow or lagoon, which sballowod southwards 
- 7 ^ supposition rendered probable from the appearances 
presented by the rocks of Linlithgowshire^ 

In that county there occurs, smnetimes fully feet 





below the mountain limestone, a se^ of grey compact Tnbitmstr 
stratified limestone, averaging about 9 feet thick. In 
colour, texture, and fossils it corresponds closely with the 
rock of Burdie House, of which, indeed, there can be no 
doubt that it is the equivalent. Along the shore, between 
Queensferry and Midhope Glen, the beds undergo frequent 
reversals of dip, and the limestone, with its assoeiated 
shales and sandstone, can be seen crossing the beach five 
times. There it has the usual texture (see 120), but as 
we trace it inland it gradually becomes more argillaceous, 
splits up into thin layers, and passes finally into calcareous 
shales ( 126), with little resemblance to the limestone, except 
that they contain the same fossils. Still further to the south 
the rock regains its purity, and has been extensively worked 
at Dechmont, but to the south-east of that district it again 
becomes shaly and argillaceous, till it takes the form of 
fissile grey shales, whose identity with the limestone of 
Burdie House could hardly at first sight be suspected. 

Beyond this it re-assumes its typical character, and at 
Midcalder and Murieston occurs in great basin-shaped 
cavities 40 to 70 feet deep. At the Mid Calder quarries it 
exactly resembles some parts of the rock at Burdie House, 
being full of plants, especially of SHgmaruB which spread 
out their long roots in regular layers, with the rootlets 
branching freely in all directions, as if, when the limestone 
existed as soft calcareous mud, the plants grew upon the 
spot where we now find their remains (119). From these 
different facts it appears that the Burdie House limestone 
was formed very slowly, probably in brackish water, across 
a series of lagoon-like depressions, separated from each 
^ other by muddy shoals ; that in these hollows cyprides and 
ganoidal fishes abounded, while even the larger placoids 
became occasional visitors ; and that in some localities there 
rose up from the muddy bottom a thick growth of marshy 
plants. The next thirteeti specimens (114-612) illustrate 
the limestone with its shales, as typically developed at 
Burdie House, and as it^ varies in its course through Ihe 
eastern part of Linlithgowshire. 
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Tabto^ 114-117. — ^Limestone. — ^Burdie House. Nos. 114 and 

115 show the usual compact grey texture of the rock, with 
its numerous Cyprides^ Coprolites^ and fragmentary plants. 
In 116 the texture is looser and the colour lighter, as in 
the upper portions of the rock. No. 117 shows the striped 
appearance so characteristic of the Burdie House limestone. 
The darker shade of some of the layers is owing to the 
carbonaceous matter they contain. Such a specimen as 
117 points to a slow condition of deposit, when drifted 
macerated plants sank at intervals to the bottom among 
the calcareous mud, each layer of such vegetable detritus 
being marked now by a corresponding lamina of darker 
limestone. In some cases, however, the difference of tint 
may be owing to occasional inroads of a darker mud over 
the light calcareous marl at the bottom. 

118. — Calcareous shale. — Above limestone, at Biirdie 
House. This stratum contains, in immense abundance, the 
cases of the cyprides, along with well-preserved plants and 
numerous coprolites. 

119. — Limestone, — Baw Camps Quarry, Mid Calder. 
This specimen shows the stigmaria roots referred to above. 
The bed from which it is taken attains a thickness of 40 feet, 
and lies in two detached basins. It is distant about 11 
miles due west of Burdie House, on the other side of the 
intervening Fentland Hills. 

120. — Limestone. — Port Edgar Quarry, South Queens- 
ferry. Black compact rock, with crystals of iron pyrites, 
fish-scales, and plant remains. This lower part of the 
rock is much darker and more compact than the upper 
parts, which closely resemble some bands in the limestone 
at Burdie House. 

121. — Black shale. — Above limestone, at Port Edgar. 

122. — ^Limestone nodule, containing coprolite. — From 
shales above limestone, Newhalls, South Queensferry. 

123. — Grit, slightly calcareous, with crystals of carbo- 
' nate of lime. Above shales capping the limestone, New* 

halls. 
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124. — Coarse shaly limestone. — Cutting of Edinburgh 
and Glasgow Railway, Priestinch, Linlithgowshire. 

125. — Coarse limestone, or ‘‘ cement-stone^^ from same 


locality. 

These two specimens (124 and 125) show the change 
which the limestone undergoes in its passage from Port 
Edgar to the south-west. The rock is an impure argil- 
laceous limestone, with a considerable per~centage of iron, 
and has been burnt for a cement. The fossils in these 
beds are similar to those at Queensferry and Burdie House. 

126. — Calcareous shale, with scales of Palaeoniscus. 
— ^Ecclesmachan, Linlithgowshire. The beds from which 
this specimen is taken lie above the ash (113), and show the 
Priestinch beds in a still more argillaceous form as these 
pass southward. Beyond Ecclesmachan, however, they 
appear to become purer, for where next seen, at Dechmont, 
they take the typical form of a pure compact limestone. ' > f 


Above the Burdie House limestone of Linlithgowshire 
there follows a great series of white sandstones, with inter- 
calated ashes and greenstones. These sandstones are well 
displayed in the large quarries at Binny, and the group 
may be distinguished as the Binny Sandstone Series. The 
next eight specimens (127-134) illustrate the features of 
this series. 


127. — Brecciated ash. — Railway Cutting, Niddry, Lin- 
lithgowshire. Angular and subangular felspathic fragments 
and pieces of shale, in a dull black argillaceous paste. 
The felspathic lapilli are of a light grey colour, and contain 
small quartz granules, with angular specks of what seems 
to be black shale. The rock in mass contains enormous 
blocks of shale, with contorted beds of shale and iron- 
stone. (See 275.) 

128. — Felspathic ash. — Three hundred and fifty yards 
south of Dechment House, Linlithgowshire. White angu- 
lar felspathic fragments, in a dull blueish black felspathic 
paste. 



jjmiitftm 

Aas.^h6re ti qmttet of a nafle east 
of S^eiy, Hopetown, Linlithgowshiie. Dull, sandy fels- 
patblc rocfc, containing small rounded grains of quartz. 

130. — ^Felspathic ashI — Wood, a quarter of a mile south 
of West Binny. Contains subangular white felspathic 
fragments and grains of quartz, in a dull greenish brown 
felspathic paste. 

131. — Sandstone. — ^Binny Quarry, Linlithgowshire. — 
Extensively used as a finer kind of building stone. 

132. — Sandstone. — Huinbie Quarry, Linlithgowshire. 
White compact quartzy rock, extensively used as a building 
material. 

133. — Gbeenstone. — Road, 300 yards south of New- 
bigging Tile Works, Linlithgowshire. Crystalline compact 
rock with glassy felspar crystals. This specimen is from 
a bed near the top of the Binny Sandstone group. 

134. — Geeenstone. — Quarry on Peace Knowe, 1| mile 
south-east of Linlithgow, from bed corresponding in position 
to No. 133. 

The Binny Sandstone group is covered by a set of 
thill shaly sandstones and shales, the distinguishing bed 
of which is a seam of coal, known as the Houston Coal, 
whence the group of strata may be termed the Houston 
Coal series. The next thirteen siiecimens (135-148), illus- 
trate this series. 

135 — Concretionaky sandstone. — Cutting of Edin- 
burgh and Glasgow Railway, Priestinch, Linlithgowshire, 
from bed underlying Houston Coal. 

136. — ^Coal (“Houston Coal”), altered by proximity to 
neck of Greenstone (277). Railway Cutting, Craigton, 
Linlithgowshire. 

137. — ^Clat ironstone and cypris shale, from beds 
above Houston Coal. — Old pit south of Newbigging Tile 
Works, Linlithgowshire. 

138 — Green marly shale Above Houston Coal, 

Cutting of Railway, Craigton. This rock assumes some- 
times a reddish colour and is of a crumbling nature. Tt 





occurs aU over th© eastern part af the coauty, and is 
always a reliable indication of the position of the Houston 
Coal 

139. — Fklspathic ash. — "V^ ood half a mile south of 
Gateside, 3^ miles oast of Linlithgow'. Stratified greenish 
granular felspathic rock, with angular fragments of black 
shale and small felspathic lapilli in a light green felspathic 
paste. 

140. -Felspathic ash. — Bank-head, 3 miles south-east 
from Linlithgow. Granular felspathic rock with sub- 
angular fragments of shale and felspathic matter. 

142. — Felspathic ash — Stream a quarter of a mile west 
of Wester Ochiltree, Linlithgow. Coarse conglomerate of 
rounded nodules, chiefly trappean, imbedded in a dull 
granular and crumbling felspathic base. 

143-5. — Three stones from same ash, showing the rounded 
form of its imbedded fragments. 

146. — Felspathic ASH. — ^Binns Hill, Linlithgowshire. — 
This hill consists of a large sheet of greenish felspathic 
ash intorbedded among the shales and sandstone above the 
Houston Coal. Its summit is occupied by a circular patch 
of Basalt (147), filling up the vent from which the ash 
appears to have been ejected. 

147. Basalt, top of Bin ns Hill, Linlithgowshire. From 
neck in felspathic ash. 

148. — Greenstone, from bed above stream, east of Long- 
muir Plantation, Linlithgow. 

Above the riou.ston Coal series lies a set of sandstones 
and shales, to which the name of the Kingscavel sandstones 
may be applied, since the strata are well seen in the large 
quarries at that locality. The specimens 149 to 153, 
illustrate this group. 

149. — White sandstone. — ^Kiugscavol Quarry one mile 
east of Linlithgow. Extensively quarried as a building 
stone. 

, ISO.^White sandstone with «%7»«{rm.*i~KingscU.vel 
Quarry. > 
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151 . — ^Laminated micaceous sandsione. — ^Above 149 
and 150 in Kingscavel Quarry. 

152. Carbonaceous shale. — Highest beds in Kings- 
cavel Quarry. Highly impregnated with carbonaceous 
matter, and forming in consequence a coarse kind of coal. 

1 53. — Greenstone. — Stream below Broomyknowes Farm 
1^* mile south of Linlithgow. From thick bed above Kings- 
cavel sandstones. 

The Kingscavel Sandstone series is followed by the 
Mountain Limestone strata. These consist of several 
beds of limestone intercalated among shales, sandstones, 
and occasionally thin coals, with numerous beds of fels- 
pathic ash, greenstone, and basalt. The whole group is 
indeed eminently characterized by the number of its 
igneous rocks, pointing to a period of great volcanic 
activity, when showers of dust and ashes and streams of 
lava were thrown out over a sea-bottom swarming with 
corals and shells. The completest section is that shown 
at the south end of the Bathgate Hills along the line of 
Quarries from Petershill to Kirkton. In the suite of 
specimens (154-195), which follows, an attempt has been 
made to exhibit the interstratificatious of ash limestone and 
greenstone as completely as the space would allow. 

154. — ^Limestone. — Mid-Tartraven, 3 miles south of 
Linlithgow. Compact grey rock with traces of shells and 
joints of encrinites. This rock cannot be traced southwards 
beyond this locality, inasmuch as the whole country is 
deeply covered with drift, the only rocks observable being 
greenstone and ashes. It is probably, however, on the 
same horizon with the lower limestones of Kirkton (162-8). 

155. — Basalt. — Above limestone (154), Mid-Tartraven. 
Black crystalline with amygdaloidal kernels of carbonate of 
lime. This and the next four specimens are put along with 
the limestone 154, for the sake of local connexion, and in 
order that the Kirkton beds (160-175) may be taken in 
uninterrupted series. 
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15a— Felspathic ash.— Carsie Hill, 1 mile S.E. of 
Linlithgow. Dull yellowish felspathic rock, with yellow ^ 
sub-angular felspathic fragments. 

157. — ^Felspathic ash. — Pilgrims Hill, Linlithgow. 

This ash is a dull granular felspathic rock, without marked 
stratification, and contains in addition to the usual felspathic 
lapilli of all sizes, numerous fragments of carbonized 
coniferous wood. It is a prolongation of No. 156. 

158. — Felspathic ash. — 350 yards west of Wester- 
Drumcross, Bathgate. Greenish felspathic rock in well- 
marked beds. 

159. — ^White sandstone. — Hill House Quarry, Linlith- 
gow. This sandstone forms a good building stone, and 
overlies the ash 156-158. 

160-195. — Specimens illustrative of the Mountain Lime- 
stone strata as developed in the neighbourhood of Bathgate, 
Linlithgowshire. 

160. — Greenstone. — ^Kirkton Quarry. From the top of 
a great sheet which underlies the lowest limestone of 
Kirkton. 

161. — Felspathic ash. — East Kirkton Quarry. Loose 
pulverulent felspathic rock, underlying the lowest limestone 
of Kirkton, and resting on the greenstone (160). 

162. — Ashy li3iestone. — East Kirkton Quarry. A 
mixture of felspathic fragments in a base of grey limestone. 

A piece of fish-bone is visible sit the side, marked a on the 
specimen. This is the character of the limestone imme- 
diately above the ashy bed 161. 

163. 4. — Two calcareous nodules, from ashy bed in 
Kirkton limestone, a short way above the seam 162. East 
Quarry, Kirkton. The irregular rounded and sub-angular 
form of the stones is shown by these specimens. 

165-7. — Cherty limestone. — ^Lower part of Kirkton 
limestone, East Quarry, In 165 the cherty matter is 
interspersed in an irregular brecciated and nodular manner. 

In 166 and 167 the rock consists of fine laminae alter- 
nately of silica and lime. These laminae in the former 
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specitiaen occur in r^ular horizontal layers (marking the 
stratification of the rock), with occasional cherty lumpa 
between them. In 167 they have a concentric and con- 
torted arrangement. The origin of this limestone must 
doubtless be connected with the actipn^ of some thermal 
spring, which, like the geysers of Iceland, rose in what 
must have been at that period a highly volcanic region, 
and deposited the silica and lime carried up by it in 
solution. 

168. — Upper part of Kirkton limestone. — East Quarry. 
The rock is finely laminated and fissile, and shows a 
matnillated surface on some of the laminae. The bedding 
is often greatly contorted. Ferns and other common car- 
boniferous plants occur in this limestone along with 
occasional coprolites and other fish remains. 

169. — Ashy shale. — Above limestone, East Quarry, 
Kirkton. Contains numerous plants, as Lepidodendron^ 
Sigillarla, &c. 

170. — Basalt. — Above limestone, East Quarry, Kirkton. 
This rock occurs in a columnar bed resting immediately on 
the shale 169. This is the highest bed visible in this 
(juarry. From this point west to the next quarry no rock 
is seen but basalt, so that the whole space may be occu- 
pied by this bed. The dip of the rocks is west, and the 
next observed bed in ascending order is 171, which occupies 
the lowest place in the Kirkton West Quarry. 

171. — Felspathic ash, below limestone, West Quarry. 
Kirkton ; fine grained green felspathic rock in thin layers. 

172. — Limestone with fragments of producti andencrinal 
joints. This bed rests abavc the greenish ash (171), and 
becomes very ashy at top. 

173. — Ashy limestone, with shells and encrinal joints. 
This specimen, taken from the upper surface of bed 172, 
contains green felspathic matter interspersed through a 
grey crystalline limestone. 

174. — Calcareous felspathic ash, from thin bed above 
limestone 172. Above this bed occur other thin limestones 
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intercalated among seams of ash and ashy shale, the whole Tabte-^ 
being capped by the basalt 175. 

175. — ^Basalt from columnar bed above ashes and lime- 
stones, Kirkton West Quarry. Like most of the augitic 
traps in the district this rock contains a considerable 
quantity of magnesia. 

From the quarry westward to that of Petershill, where 
the next limestone bed is seen, no rock appears but basalt 
and possibly in this case, as in 170, there may be only one 
great sheet of basalt intervening between the upper beds of 
Kirkton and the lower beds of Petershill. The excavations 
at Petershill form the southern termination of a great chain of 
quarries extending northward by Sunnyside and Silvermine 
to Hillend near Linlithgow. They have been opened in a bed 
of marine limestone varying from between 30 and 40 to 70 or 
80 feet in thicknesSr It rests upon ash (176) covering the 
basalt 175, and is succcieded by ashy beds (1B4) sandstones, 
shales and thin coals over which lie enormous sheets of 
greenstone and basalt (185, 186). 

176. — Calcareous felspathic ash Below Limestone, 

Sunnyside Quarry. The upper part of this ash immediately 
below the bottom of the limestone contains product! and 
encrinal joints, 

177. — Limestone. — North Mine Quarry, 3 miles S. of 
Linlithgow. Compact grey crystalline lijnestone with 
encrinal joints and cyprides (?). This rock occurs in a 
massive bed about 70 feet thick, resting ou ash (176). With 
the limestones, sandstones, and shales above and below, it 
represents the Mountain or Carboniferous Limestone, as that 
formation is developed in Scotland. The next five speci- 
mens (178 to 182) are from different parts of the same 
great bed. 

178. — ^Limestone. — ^North Mine Quarry. Hard compact 
grey limestone with Productus gigantens^ cyprides (?) and 
encrinites, 

179. _Limestone, with cubes of Galena. — North Mine 
Qaar0. The crystals here occur in a vein cutting through 
the limestone at nearly right angles to the plane of bedding. 
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Tab^c^ A larger vein containing a considerable admixture of silver 
was formerly worked here, the name Silvermine being still 
applied to the quarry. 

180. — ^Limestone, consisting of a mass of the coral, liUio^ 
strotion, — Sunnyside Quarry, one mile north of Bathgate. 

181. — Chert, filling a Productus giganteus. — Sunnyside 
Quarry. The limestone contains irregular nodular lumps 
of chert, sometimes ranged along the lines of bedding or 
interspersed through the rock. Not unfrequently, as in 
the present instance, the cherty matter is found filling and 
enveloping organic remains. 

182. — ^Lbiestone. — ^XJpperpart of bed, Hillhouse Quarry, 
H mile S. of Linlithgow. 

183. — Calcareous felspathig sandstone, from hole in 
limestone quarry south of Knock Hill, 2 miles north of 
Bathgate. This specimen is taken from a mass of ashy and 
sandy matter, with large rounded stones filling up a cavity 
in the limestone, which increases in width as it descends. 

184. — Calcareous felspatiiic ash, from hard bed in 
soft ash, above limestone in North Mine Quarry. Angular 
fragments of green and grey felspatiiic matter in a base of 
sandy grey limestone. 

185. — Basalt, from columnar bed above limestone, Hill- 
house Quarry, 1^ mile south of Linlithgow. This bed is 
beautifully columnar, its under surface corresponding with 
the bedding of the underlying strata till near the south end 
of the quarry, when it cuts across the beds obliquely, alter- 
ing them considerably along the lino of contact. 

186. — Amvgdaloidal magnesian greenstone. — Imme- 
diately underlying limestone of Wardlaw Quarry. Between 
the basalt of Hillhouse (185) and this greenstone no rock 
is observable except greenstone or basalt. This specimen 
is from the upper part of a thick bed, and is succeeded by 
a limestone (187) higher in position tlian that of Petershill, 
Sunnyside, North Mine, and Hillhouse (177-182). 

187. — Limestone, consisting of a mass of corals \Litho* 
Hrotion irregulare]. Lower part of bed intercalated 
between greenstone beds, Wardlaw Quarry. 
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138. — ^Limestone, containing same coral, from hard bed Table^we 
in middle of the limestone. — Wardlaw Quarrj. The lime- 
stone is capped hj shales, with a thin limestone bed, the 
whole being surmounted by an amygdaloidal greenstone 
(189) much broken by joints. 

189. — ^Felspathic greenstone, at junction with shales, 

Wardlaw Quarry. This is a common appearance presented 
by the greenstones of the district, where they can be seen 
infringing upon other rocks, though usually they are then 
not quite so compact as in this specimen. 

190. — Greenstone. — Crag east of Witch Craig, miles 
south of Linlithgow. From a bed forming part of a great 
sheet that overlies the Wardlaw limestone, and at one 
locality contains a bed of felspathic ash (191 ). 

191. — Felspathic Ash. — Preston Burn, three-quarters 
of a mile S.W. of Linlithgo\v. Green granular felspathic^ 
rock, containing rounded trap fragments in a dull green 
earthy paste, from stratified seam between beds of green- 
stone, 

191 a. — G reenstone. — Upper part of bed 190, above the 
ash 191. Ketlleston Quarry, 1 mile S.W. of Linlithgow. 

192. — Calcareous Grit, withcauda-gaUi markings. Base 
of coal measure strata. — Shore east of Carriden House. 

193. — Felspathic ash. — ^Lower part of Coal Measures, 
below Carriden House, Linlithgowshire. 

194. — Micaceous sandstone, showing false bedding. 

Lower part of Coal Measures. — Carriden House. 

195. — Coarse Limestone with cncrinites. — Low’er part 
ef Coal Measures, below Carriden House. 

Above the Mountain Limestone of the Bathgate Hills 
there lies a great sheet of trap, (190, 191 a,) extending 
northwards to Linlithgow. It is covered by the sandstones, 
shales, and coals of the Coal Measures, with their inter- 
bedded greenstones. These strata run northwards from 
Bathgate, getting gradually thinner in their progress, while 
the traps become proportionately thicker, until in the 
district round Cocklerue the coal-bearing strata appear to 
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have almost died out, their place being occu|ded by thin 
sandstones, and ash-beds with great sheets of greenstone 
and basalt (196-198). North of the ridge on the side of 
Bonnytoun Hill above Linlithgow, the coais re-appear, and 
seem gradually to increase in thickness as they proceed 
northwards. It seems probable that after the deposition of 
the Mountain Limestone, a ridge of volcanic materials, 
gradually formed between Bathgate and Linlithgow, which 
increasing in extent, eventually rose above the level of the 
water as a low island. In the swampy marshes to the north 
a luxuriant vegetation sprang up, and its petrified remains 
now form the Borrowstounness coal seams, while a similar 
growth to tlie south resulted in the coal seams of Bathgate. 
iJuring the accumulation of peaty matter and silt in these 
two localities, streams of lava were occasionally ejected 
from the volcanic vent between, and flowed northward to 
form the thick greenstone beds (202-205) interposed in the 
coal-field of Borrowstounness, and the thinner ones in that 
of Bathgate. On the surface of these hardened lava-flows, 
sand and mud silted up, forming a soil for the accumulation 
of new morasses, of which the remains exist in the upper 
coals of the two Coal fields. The whole area throughout 
this period was undergoing a process of subsidence until 
the hollows of Bathgate and Borrowstounness were filled 
up with sand, mud, peat, and volcanic matter, and the 
bottom of the water was reduced to a nearly level surface. 
Upon this floor, depressed considerably below the sea-level, 
a seam of limestone was formed, consisting in large measure 
of the broken stems of crinoids and pieces of s!\ells (217). 
Occasional volcanic eruptions succeeded, marked now by 
the greenstones (218) and ashes (219), and eventually 
another seam of limestone (221) gathered over the sea- 
bottom. Sand and mud thereafter settled down upon the 
corals and shells, and subsequently another lava-stream 
(223, 224) was ejected. With this last eruption the series 
illustrated by the specimens in this case, terminates. 

196..iS,^From the volcanic bank which seems to have 
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soparato^d th(p) coal-swamps of* Bathgate from those of 
Borrowstounness. 

196. — SANDSTONE.-^Quarrj at south end of Cocklerue, 

mile S.W. of Linlithgow. 

197. — Felspathic sandstone. — Same quarry. Contains 
white felspalhic fragments in a greenish white sandy base. 

198. — Greenstone. — Same locality. From bed over- 
l^^ing 196 and 197. 

199. — Greenstone. — Lower part of Coal Measures, 
below Carriden Manse, Linlithgowshire. Earthy, decom- 
posing, magnesian rock, forming a bed above “ Smithy 
Coal.” 

200. — “ Parrot ” coal. — Chance Pit, Borrowstounness. 
This is the “ Cannel ” Coal of England, and is used for gas- 
making. It occurs in the Coal Measures above the 
Carriden beds (193-5, 199), and below the thick trap 
(202-5) which divides the coal field into an upper and 
under group. 

201. — “Black band” ironstone. — Chance pit, Borrow- 
stounness. This ironstone is associated with the parrot coal 
(200), part of which is seen adhering to the specimen. 
The distinguishing feature of black-band ironstone as 
compared with ordinary clay-ironstone, is the large amount 
of carbonaceous matter it contains ; so large, indeed, as to 
admit of the ore calcining itself with the addition of little 
or even no fuel. 

The Borrowstounness Coal field, as has just been men- 
tioned, is divided into an upper and under set of strata, by 
two sheets of greenstone, having a united thickness of nearly 
400 feet. This mass of rock seems to have flowed from the 
south, across the swampy morasses in which the lower 
coals of the district originally grew. It does not affect the 
quality of the seams, and throughout the coal field the pits 
are invariably sunk through the whole or part of it, to reach 
the coal and ironstone seams below. In the borings at the 
Snab pit, which were continued to a depth of 1,179 feet, no 
fewer than eight beds of greenstone were passed through. 
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haivii&g a totel thickness of 468 feet Specimens 202-SQ6 
* are from this series of interbedded traps. 

if 02 , — rGreenstoue below ** Wester Main Coal,” west side 


of Chance Pit, Borrowstounness. 

The Wester Main coal occurs about the middle of the 
mass of greenstone, subdividing it into two parts, but its 
thickness is verj variable, and at the Snab Pit borings, no 
trace of it could be found, the only rock between the greenr 
stones being some soft carbonaceous shale. 

203. — Greenstone. — Side of tramway, east of Mingle 
Pit, Borrowstounness, from junction with upper surface of 
Wester Main coal. Soft, earthy, felspathic, finely amygda- 
loidal rock. 


204. — Greenstone. — Above Wester Main coal, tramway 
east of Mingle Pit. Compact, granular, finely Atnygda- 
l()idal rock. 

205. — Basalt, Kipps Hill. — This rock is finely amygda- 
loidal, and probably belongs to a southward prolongation of 
the greenstones 202-204. 

Above the thick sheets of greenstone another set of coal- 
bearing strata supervenes, similar to that below. They 
contain several seams of coal and one of ironstone (205), 
regarded as of inferior quality to those of the under group. 

206. — Black-band ironstone. — No. 23 Pit, Borrowstoun- 
ness. — This seam occurs among the upper coals?, and is 
about 18 inches thick. 

207. — Carbonaceous suale, from beds with the iron- 
stone 206, from same pit. 

208. — Greenstone. — Capie’s Point, | of a mile west of 
Borrowstounness, from bed 6 to 8 feet thick, among the 
upper group of coals. 

209. — Coarse limestone, with producti, &c.— Same 
locality, occurs a few feet above the greenstone 208. 

210. — Hard pireciat. Quarry west of Distillery, Kin- 
neil, Borrowatounness.— This bed overlies the limestone 
(209), and is used for making fire-brick. 
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211, — Grittt sandstone. — From thick bed OTerlying 
the fire-elay 210. Same locality. 

212. — Greenstone. — Two’ hundred yards . south of 
Woodcockdale Cottage, river Avon. This is from a bed 
running north by Linlithgow Bridge, and underlying the 
ash 218. 

213. — ^Feespathic ash. — ^Banks of river Avon, Little 
Mill, Linlithgow. — Coarse dull felspathic rock, consisting of 
rounded fragments of greenstone, &c. imbedded in a greenish 
felspathic paste. 

214, 215. — Stones from same ash. 

216. — Compact sandy shale. — Bed of river Avon, 
above Woodcockdale Cottage. The rock in mass contains 
numerous ProducHj Spiriferce, FenestellcBy &c. 

As stated after 195 the Coal Measures of Borrowstounness 
are overlaid by a series of sandstones and shales, containing 
two seams of marine limestone. These higher strata are 
well displayed along the banks of the river Avon, and in 
the district round Carribber, whence most of the following 
specimens have been taken. The bed 216, occurs a few 
yards below the under limestone (217). 

217. — Compact limestone, with iron pyrites. — ^Banks 
of river Avon, Carribber, three miles S.W. of Linlithgow. 
This rock is the under of the two limestones referred to, 
and contains encrites, &c. 

218. — Greenstone. — 300 yards east of Bowdenhill 
farm, three miles S.W. of Linlithgow. Compact crystalline 
rock from bed above lower limestone. 

219. — Felspathic Ash. — Stream between Lochcote and 
Gormyre Hill, two miles S.W. of Linlithgow. Calcareous 
dull greenish felspathic rock with nodular pieces of lime- 
stone and angular felspathic fragments. 

220. — Coarse quartzy sandstone. — Craigonbuck 
Quarry. — Two miles VV'est of Kinneil, Linlithgowshire. — 
From thick bed underlying upper limestone. 

221. — ^Limestone, with iron pyrites and encrinal joints. 
Bowden Hill Quarry, three miles S.W. of Linlithgow. 
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Bowden Hill consiBts of eheet of greenstone (229, 4) 
overlying the upper limestone (221), which has been exca- 
vated in long galleries extending underneath the hill from 
side to side. 

222. — ^Limestoite. — Craigenbuck, west of KmneiL Same 
bed as 221, but four miles further north. 

223, 4. — Gkebnstonb, from the bed overlying upper 
limestone ; 223 is from the banks of the Avon at Carribber ; 
224 from the side of Bowden Hill above the lime quarries. 

Specimens illustrative of intrusive rocks in the counties of 
Haddington, Edinburgh, and Linlithgow. Table-case 
C, (Lower Compartment.) 

Jn the arrangement of the following specimens a strati- 
graphical order has been followed, the dykes cutting 
through old red sandstone strata being put first, and so on 
up to those traversing the upper coal measures, But this 
order, of course, must not be regarded as at all a chronolo- 
gical one, as in the case of the rocks previously described 
from the same localities, since it is evident that the dykes 
in the oldest rocks might have erupted long after those in 
the newest 

225. — Greenstone, from narrow dyke in old red con- 
glomerate bed of river Esk, Fairliebope, Fentland Hills. 
The dykes in old red sandstone strata in this district and 
also in Haddingtonshire are generally fine-grained, and 
have a dull reddish brown colour. 

226-7.— Greenstone from dyke in Lower Carboniferous 
rocks. — East side of Belhaven Bay, Dunbar. Contains 
small amygdaloidal cavities filled with amethyst. 

228. — Greenstone. Earthy amygdaloidal in Lower Car- 
boniferous. — ^Long Craig, three-quarters of a mile W. of 
Dunbar. 

299.— Basalt, from intrusive boss like volcanic vent in 
liower Carboniferous.— Castle Bock, Edinburgh. 

2i29a.— G^ensxone. l^ke in Lower Carboniferous 
shaleJ— Bellas Mills, Water of Leith, Edinburgh. 
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230. -— Felspathic greenstone. Dyke in Lower Oar- 
boniferous shale.— St. George’s Well, Water of Leith, Lower *Oom- 
Edinburgh. 

231. — Compact greenstone. Dyke in Lower Carboni- 
ferous. — Albany Street, Edinburgh. 

232. — Greenstone. Dyke in Lower Carboniferous. — 

Western Breakwater, Granton, near Edinburgh. 

233. — ^Felspathic greenstone. Dyke in Lower Car- 
boniferous. — Western Breakwater, Granton. 

234. — Greenstone, sparingly amygdaloidal. Dyke in 
Lower Carboniferous. — Currie, 6 miles S.W. of Edinburgh. 

235-6. — Two specimens, showing junction of greenstone 
and altered sandstone (Lower Carboniferous) base of Salis- 
bury Craigs, Edinburgh. For the character of the altering 
green-stone, see Table-case p in recess 43, Nos. 56 and 57. 

In the specimens the greenstone is marked a and the sand- 
stone 5. 

237. — Greenstone, from dyke in Lower Carboniferous. 

— Stream above East Kenleith, 5 miles S.W. of Edinburgh. 

238. — Crystalline greenstone, from intrusive mass in 
Lower Carboniferous. — ^Fauch Hill, 15 miles S.W. of 
Edinburgh. 

239. — Greenstone, from intrusive beds in Lower Car- 
boniferous. — Dalmahoy Hill 8 miles S.W. of Edinburgh. 

240. — Felspathic greenstone, from intrusive sheet in 
Lower Carboniferous. — Quarry west of Newlands, parish of 
Kirknewton. 

241. — Greenstone, from intrusive mass in Lower Car- 
boniferous. — Seims Tops, Kirknewton, 

242. — Greenstone, from intrusive mass in Lower Car- 
boniferous. — Hallcraigs, 10 miles S. W. of Edinburgh. 

243. — Greenstone, from dyke in Lower Carboniferous. 

— Green Bum, Dalmahoy, Edinburghshire. 

244. — Greenstone, from intrusive bed in Lower Car- 
boniferous. — Corstorphine Hill, 3 miles W. of Edinburgh. 

This rock is a mixture of felspar and hornblende, and differs 
in this respect from the other greenstones of the district 
which are mixtures of felspar and augite. 
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from dyke in Lower Carbonifeipus 

^Tombstone, 2 miles west of Grantoo. 

246. — Crtstalline greenstone, from intrusive sheet — 
Hatbo Quarry, 8 miles W. of Edinburgh, 

247. — ^Felspathic greenstone, from a vein in the green- 
stone of Eatho Quarry, No. 246. 

248. — Greenstone, from intrusive mass. — ^North end of 
Cwdgie Hill, 6 miles W. of Edinburgh. 

249. — Felspathic greenstone, from dyke in Lower 
Carboniferous. — Shore at Newhalls, South Queensferry. 

250. — Greenstone, from intrusive mass in Lower Car- 
boniferous. — Carmel Hill, Linlithgowshire. 

251. — Earthy felspathic decomposing Greenstone, from 
dyke in Lower Carboniferous. — Quarry behind Dalmeny 
Church, Linlithgowshire. 

252. — Basai.t, from intrusive mass in Lower Carboni- 
ferous — Quarry S. of Dalmeny Church. 

253. — Crystalline greenstone, from intrusive sheet in 
Lower Carboniferous. — ^Dundas, Hill, Dalmeny Parish, Lin- 
lithgowshire. 

254 and 255. — FelspaI^hic trap, from dyke in Lower 
Carboniferous. — ^Bed of Linhouse Water, below Red Craig, 
Edinburghshire. (See 102.) 

256. — Greenstone, from intrusive mass in Lower Car- 
boniferous. — South end of Gleupuntie Wood, Cramond, 
Linlithgowshire. 

257. — Greenstone, from intrusive sheet in Lower Car- 
boniferous. — ^Lindsay’s Craigs, Kirkliston, Linlithgowshire. 

258. — Greenstone, from intrusive sheet. — Side of road 
at Crossall Hill, Dalmeny, Linlithgowshire ; highly crys- 
talline rock containing largo scattered crystal of augite and 
pink felspar. 

259. — PoRPHTRiTic Greenstone, intrusive mass. — 
Burning mount, near Traprain Law, Haddingtonshire. 

260. — ^Vesicular greenstone, from dyke in Lower 
Carboniferous asb, Dunbar. 

261. — Basalt, from intrusive mass in same ash. — Duubat 
Castle. 
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262.— GHfiENSTOiTE, from intrusive mass in same adh.— 
Leithies, North Berwick. 

263 — Basalt, with grains of olivine and crystals of 
aupte and felspar, from intrusive mass in same .ask.— 
Yellow Craig, North Berwick. 

264. — Basalt, porphyritic, from intrusive mass in same 
ash. — Gin Head, Tantallon Castle. 

265. — ^Basalt, from similar intrusive mass. — ^Longskelly 
rocks, North Berwick. 

265a, 265b. — Amygdaloidal greenstone, from intrusive 
mass in ash — Gas Works, North Berwick. 

266. — Greenstone, from similar intrusive mass. — Saddle 
rock, Tantallon Castle. 

267. — Greenstone, vesicular and porphyritic, from dyke 
in Lower Carboniferous. — Millstone Neuk, mile S.E. of 
Dunbar. 

268. — Greenstone, emitting a bituminous odour when 
freshly broken. — From intrusive bed in Lower Carboniferous 
shales below Burdie House limestone — Dechraont Law, 
Linlithgowshire. 

269. — Greenstone, from intrusive sheet in beds below 
Burdie House limestone. — Port Edgar, South Queensferry. 

270. — ^Basalt, bituminous when freshly broken. From 
intrusive sheet in Lower Carboniferous shales (Burdie 
House limestone), south end of Binny Craig, Linlithgow- 
shire. 

271. — ^Vesicular greenstone, from dyke in Burdie 
House limestone strata, bod of river Esk, below Carlops, 
Edinburghshire. 

272. 2a. — Two specimens showing junction of greenstone 
and sandstone from side of greenstone dyke in Burdie 
House limestone bed. — Raw Caimps Quarry, Edinburgh- 
shire. 

273. — Amygdaloidal greenstone, from dyke in beds 
above Burdie House limestone, 350 yards south of Dechmont 
House, Linlithgowshire. 

274. — Greenstone, emitting bituminous odour when 





Iwotosn, from intrusive knob among Bardie House 
hmmhm- liB^Btcme strata. — West Broadlaw, Linlithgowshire. 

,v27d.— Gebbnstone, from intrusive knob in ash (127) 
above Burdie House limestone strata. — 100 yards north of 
Niddry Castle, Linlithgowshire. 

276. — Greenstone, also emitting on fresh fracture the 
same bituminous odour, from intrusive bed in Binny Sand- 
stone group. — ^Plantation north of Balgreen, 3 miles S.E. 
of Linlithgowshire. 

277. — Greenstone, from intrusive boss like volcanic 
neck in beds of the “Houston Coal’' group. — Craigton, 
Linlithgowshire. (See 136.) 

278. — Greenstone, from dyke in Lower Carboniferous. 
— ^Binny Burn, Linlithgowshire. 

279. — Greenstone, from intrusive sheet in Carboniferous 
limestone strata, half a mile E. of Round Craig, Gossford 
Sands, Aberlady. 

280. — ^Decomposing greenstone, from intrusive mass in 
Carboniferous limestone strata, Aberlady. 

281. — Amtgdaloidal greenstone, from dyke in Carboni- 
ferous limestone strata, 1^ mile S.E. from Dunbar. 

282. — Greenstone, from dyke in Carboniferous lime- 
stone. — ^Beecraigs, 2 miles S. of Linlithgow. 

283. — Greenstone, from dyke in Carboniferous limestone. 
— The Knock 2 miles north of Bathgate. 

284. — GREENSTONE.from dyke in Carboniferous limeston. 
— Cottage south of the Knock. 

285. — Greenstone, from intrusive boss in Carboniferous 
limestone, emits a bituminous odour when freshly broken. 
— Quarry on roadside, half way between Clinkingstone and. 
Drumcross, Bathgate. 

286. — ^Amtgdaloidal greenstone, from same mass. — 
Roadside, half way between the Knock and Limefield. The 
cavities contain a quantity of soft bitumen. 

287. — Greenstone from dyke in Carboniferous limestone 
Lower Craigmailing, 2*^ miles S. of Linlithgow. 

288. — Greenstone from intrusive bed in Carboniferous 
limestone strata.— -Blackness Castle, Linlithgowshire. 
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289 ^ — G:^enston£ from dyke in Lower Carboniferous.^ — 
Nancy’s Hill Quarry, 1^ miles east of Linlithgow. This 
dyke runs nearly east and west for a distance of more than 
four miles, cutting through the Carboniferous limestone and 
all its associated traps, along with the Coal Measures and 
the two upper limestones (217 and 221). This specimen is 
taken from its eastern end, where it cuts through the 
Houston Coal beds. 

290. — ^Basalt from same dyke, where it traverses Moun- 
tain Limestone beds. — Quarry at Hiltly Cottage, 1 mile 
South of Linlithgow. 

291. — Gkeenstone from same dyke, where it cuts the 
two upper limestones after having passed across the Coal 
Measures.— Avon Aqueduct, Linlithgowshire. 

292. — Greenstone, from dyke cutting through Carbon- 
iferous Limestone and Coal Measures.— Kipps, Linlithgow- 
shire. 

293. — Greenstone, from dyke upwards of 6 miles long, 
traversing Mountain Limestone and Coal Measure strata, 
three-quarters of a mile south of Longniddry. 

294. — Greenstone, from dyke traversing lower part of 
Coal Measures. — Walton, Linlithgow. 
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LIST OF SPECIMENS 

IK 

Wall-oajses 4 and 40 to 46, 

Claiased according to the Order of Superposition of 
the Rocks, chiefly British. 

By a. C. Ramsay amd H. W. Bristow. 


TABLE OF STRATA. 

Recent and Tertiary or Cainozoic. 

Recent. 

Blown sand, Case 41, No. 126a, Page 200. 

Stalactites, Case 40, Nos. 1^ 3, 4, 6, 7, 10, Page 32. 
Stalagmites, Case 40, Nos. 11, 16, 23a, Pages 32 to 35. 
Calcareous Tufa and Travertine, Case 40, Nos. 15, 23b, 
25, 26, 27, 28, 29, 30, 31. Pages 33 to 36. 

Clay with shells, Case 4X, No. 144, Page 66, 

Specimens from existing Alpine Glaciers and their (pro- 
bably) recent extension, Table-case D, Nos. 1 to 6, Page 
4 ; 7 to 15, Page 6 ; 24 to 26, Page 6 j and 30 to 36, 
Page 8. 


PLIOCENE. 

Newer Pliocene. 

Conglomerate, Case 41, No. 27, Page 47. 

„ Case 41, Nos. 9, 10a, 14, 15, 18a, 21, 28, 
Pages 43, 44, 45. Appendix, Pages 287-8. 

Stalagmitic Conglomerate, Case 41, No. 32, Page 46. 
Specimens Irora the ancient extension of existing Alpine 
Glaciers, &c., Table-case D, Nos. 16 to 19, Pages 6 and 
6| 28 and 29, Page 7 ; and 37 to 39, Page 8* 



Thrift and Glacier specimens of Britain and the Vosges, 
Table •caseD^Nos. 60 to 58, and 60 to 96, Pages 9 to 28. 
Norwich Crag, CaS6B 8, 8, lO, Lower Gallery. 

Older Pliocene. 

Red Crag. 

Coralline Crag. 


MIOCENE. 

Tertiary clays of Mull ? 
Bovey lignite ? 


EOCENE. 

Upper Eocene. 

Hempstead beds. Iron ore from Hempstead clay 
Case 43, No. 162, Page 92. 

Bembridge limestone, Case 43, No. 95, Page 86. 

Middle Eocene. 

OAome beds. Limestone. CaS6 43, No. 91, Page 88. 
ffeadon beds. tSand. 08436 41, Nos. 109, 110, 111, 
Page 62. 

Ditto. Limestone. Case 43, Nos. 92, 93, Page 84. 
Upper Bagsliot. (Sands.) 

Middle Bagsliot. 

Barton clay. 

Braohleakam sand. 08436 41, Nos. 104, 126, Pages 61, 64. 

„ 08436 41, No. 126a, Page 260. 

BratMesham clay, 0886 41, Nos. 138c, 138d, Page 291. 
Iron ore, CaB6 43, No. 136, Page 90. 

Flint pebbles, 08^ 42, No. 49, Page 892. 
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Lower Bagshot Sands. 

Bipeclay, Case 41, Nos. 135, 135a, 135fe, 136. Pago B4. 
Clay ironstone. Case 43, No. 134, Page 89. 

„ Case 44, No. 43, Page 07. 

Sand, Case 41, No. 19b, Page 290. 

Lower Bocbne. 

London Clay. 

Clay, Case 41, Nos. 133a, 139b, Page 64. 

Sand, Case 41, No. 106, Page 61. 

Sandstone, Case 41, No. 97a, Page 290. 

Iron ore, Case 43, Nos. 139, 140, Page 90. No. 182, 
Page 300. 

Septarian nodules, CasO 44, Nos. 42a, 42b, Page 97, 
No. 42c; Pago 300. 

Flint pebbles, CaS6 42, Nos. 50, 51, Page 293. 

Plastic Clay. 

Clay, Case 41, Nos. 139, 139a, 145, Page 66. 

Sand, Case 41, No. 119a, Page 63. 

Sandstone, Case 41, No. 56, Page 48 ; No. 57a, Page 
288. 

Iron ore, Case 44, No. 51, Page 98. 

Flint pebbles, Case 42, No. 47, Page 293. 

Thanet Sand. 

Sand, Case 41, No. 119, Page 63. 

Secondary or Mesozoic. 

CRETACEOUS. 

UPPER CRETACEOUS. 

Chalk. 

Chalk, Case 43, Nos. 99, 100, 101, Page 86 ;No. 100a, 
Page 296. 

Chalk marl. Case 43, No. 96, Page 86. 
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Slints, Cft86 Nos. 1 to 4, and 10 to 16, P^e 66. 
Nevilles, CaSO 4:3f No. 100b, Page 266. 

Iron pjrites, CfirBO 44, Nos. 53, 54, Page 98. 

Bones, &c., from Chloritic marl, CeBO 44, No. 14, 
Page 96. 

Bed Chalk (see Gault). 

Upper Green-sand. 

Sandstone, Case 41, Nos. 55, 60, 118a (Malm rock), 
118b, Pages 48, 63. 

Cherts Case 42 , Nos. 17, 18, 31, 32, Pages 67, 68. 
Sand, Cdso 41, No. 107, Page 61. 

Clay, CaS6 41, No, 140, Page 66. 

Nodules, Ca436 44, No. 38, Page 97. 

Earthy limestone, C&B6 43, No. 102, Page 86. 

Gault. 

Earthy limestone (Red chalk), C8i86 43, No. 103, Page 
86 . 

Clay, Case 41, No. 133, Pago 64. 

Gypsum, Case 40, No. 40, Page 37. 

Phosphatic Nodules, Case 44, Nos. 11 to 13, 55, Pages 

96, 98. 

Wood, Case 44, No. 39, Page 69. 


I.OWER CRETACEOUS. 

Lower Green-sand. 

Conglomerate, Case 41, No. 13, Page 43. 
Conglomerate-grit, Case 4l, No. 46, Page 47. 

Sand, Case 41, Nop. 101, 102, 105, 124, 125, Pages 
51, 54. 

Sandstone, Case 41, No. 71a, Page 49. 

Limestone (JKe$U£sA J^), Case 41 , "tJo. 56, Page 286. 
Sandy CUy, Case 41 , No. ISSfb, 141a, Pag^ 20L 
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Flint, Case 43^ No. 36, Page 68. 

Iron ore, Case 4t3, Noa. 137, 138, 172, 173, Pages 90, 88. 
Nodules, Case 44, No. 39, Page 97. 

Gypsum, Case 40, No. 42, Page 87. 

WEAI.DEN. 

From Weald Clay. 

Limestone, CaS6 43, Nos. 16a, 134a^ 134b, Pages 294, 298. 
{Sussex marhle\ CaS6 43, No. 90, Page 83. 
Conglomerate, Case 41, No. 38, Page 46. 

Grit, Case 41, No. 61, Page 48. 

Sandstone, Case 41, No. 71, Page 49. 

Iron ore. Case 43, Nos. 155, 161, Pago 92. 

Tree, Case 42i, No. 38, Pago 69. 

Hastings Sand. 

Sand, Case 41, Nos. 112 to 117, Page 62. 

Concretions, Case 44, No. 40, Page 97. 

Iron ore. Case 3, Nos. 166 to 168, Page 92. 


OOLITIC AND LIASSIC. 

UPPER OOLITE. 

Purbeck. 

Purbeck Marble^ Case 43, Nos. 1, 8, Pages 71, 78. 

„ Limestone^ Case 40, Nos. 28a, 28b, 48, Appen- 
dix, Pages 286, 287 ; Case 41, Nos. 173, 178, 184, 
187, Pages 64, 66, 66 ; Case 43, 1, 3, 8, 75 to 80, 82 
to 86, 88, 89, 94, 97, Pages 71 to 78, 81 to 86 ; Nos. 90a, 
103a, 103b, Pages 296, 297. 

« Beef,’" Case 44, No. 5, Page 94. 

Chert in limestone, Case 42, No. 26a, Page 291. 



Marl» Case No. IZSb, Page 291 ; Case 43, Nos. 

97, 117a, Pages S6, 88. 

Flint, Case 43, Nos. 26, 33, Page 68. 

Gypsum, Case 40, No. 39, Page 37. 

Limestone, showing junction between Purbeck and Port^ 
land beds^ on floor i^.HeceSS 42* 

Portland Beds. 

PorUand Limestone^ Case 40, No. 32, Page 30 ; Table- 
case !D. (lower compartment) ; Case 43, Nos. 42, 48, 
52, 53, 61, 98, Pages 76 to 78, 80, 85 ; Nos. 39c, 48a, 
49c, Page 295. 

Flints, Case 42, Nos. 34, 34a, 35, 35a, Pages 68, 292. 
Concretion, Case 44, No. 8, Page 95. 

Wood, Case 42, Nos. 40, 41, 42, 43, 44, Page 69. 
Portland Sand^ Case 4X, No. 120, Page 53. 

„ Conglomerate, Case 41, No. 41a, Page 

288. 

Kimeridge Clay. 

Kimeridge Shale, Case 41, Nos. 153, 155, 157, Page 57. 
Cement-stone, Case 43, No. 117, Page 87. 

Calcareous band. Case 43, No. 120, Page 88. 

Phosphatic Nodule, Case 44, No. 56, Page 98. 


MIDDUB3 OOLITE. 

Coral Rag. 

Limestone, Case 41, No. 174, Page 64; Case 43, 
Nos. 49, 58, 59, Pages 78, 79 ; No. 39b ; Page 295. 
Pisolitic limestone. Case 43, No. 59, Page 79. 

Calcareous Grit, Case 41, No. 57b» 

Ironoi«, Case 43, No. 135^ Page 90. 
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* Oxford Clay. 

Oa^ord Shale or Clay^ CES6 41, No. 16A, Page 57. 
Kelloway Roch^ Ca 436 41 , No. 99, Page 51. 

Case 43, No. 21a, Page 294. 


LOWER OOLITE. 

Great or Bath Oolite. 

Combrash limestone, Case 43, Nos. 54, 54a, 55, Page 79. 

Forest marble^ Case 43, Nos. 40, 41, 63, 64, 66a to 73, 
81, Pages 76, 80, 81 ; No. 127a, Pago 297. 

Great or Bath Oolite^ Case 43, Nos. 7, 47, 47a, 51, 
Pages 72, 77, 78. 

Conglomerate, Case 41, No. 1, Page 42. 

Stonesjield Slate^ Case 43, Nos. 4, 43, 62, Pages 71, 
77, 80. * 

Iron ore. Case 4:3, No. 136a, Page 298. 

Bradford Clay (Limestone from). Case 43, No. 73, 
Page 81. 

Inferior Oolite. 

Fullers^ Earth clay^ Case 41, No. Page 56. 

Fullers^ Earth rocky Case 43, Nos. 56, 57, 65, 66, 
Pages 79, 80. 

Inferior Oolite limestone Case 43, Nos. 6, 44 to 46, 
50, 60, 74, 74a, Pages 72, 77 to 80, 81 ; No. 114a, Page 
297. 


LIAS. 

Upper Lias. 

Upper Lias Sandy Case 41, Nos. 121 and 122, Page 58. 
„ Cktyy Case 41, No. 143, Page 56. 

„ Limestonsy Case 43, No. 114a, Page^SS^. 
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Septaria^ Case No. 4S, Page 98. 

Marhtone, CaS6 41^ Nos. 127» 128, 129, Page 54. 

Case 43, Nos. 105, 175, P^es 86, 93. No. 49a, Page 
295. 


Lower Lias. 

Lower Litis Clay^ Case 41, No. 134, Page 54. 

„ Limestone^ Case 43, Nos. 87, 104, 106 to 110, 
1 14, Pages 83, 86, 87 ; No. 8a, Page 294. 

Case 46, No. 6, Page 122. 

Conglomerate, Case 41, No. 31, Pago 46. 

Bone-bed, Case 41, Nos. 79, 171, 181, 185, 189, 190, 
Pages 49, 63, 65, 66. 

Sandstone, Case 41, No. 78, Page 49. 


NEW BED SANDSTONE OR TRIAS. 

Keuper (Upper Trias). 

New Red Marl, Case 41, No. 132, Page 64. 

Keuper Sandstone, Case 40, Nos. 46, 47, Pages 38, 
287 ; Case 41, Nos. 95, 96, 180, 188, Pages 50, 65, 
66 . 

Gypsum, Case 40, Nos. 33 to 38, Pages 36, 37. 

Rock salt. Case 40, Nos. 43, 44, Page 37. 

Sulphate of Strontian, Case 40, No. 45, Page 38. 

White Sandstone, Case 41, Nos. 64, 65, 85, 97, 183» 
Pages 48, 50, 51, 65. 

Dolomitic or Magnesian conglomerate. Case 41, No. 

29, Page 46 ; Case 43, No. 123, Page 88. 

Geode {Rotato^stone), Case 44, Nos. 35 to 37, Pi^s 

96, 97. 



369 


Ii'on ore, CaS6 4:3, Nos. lo9) 160, 163 to 16o, Pago 92. 
Manganese ore, CaB8 43, Nos. 147, 148, Pago 99. 

Ml isflielkalk — (Absent in BriUiin.) 

Bunter (Lower Trias). 

Bunter Sandstone^ Cd»86 41, No. 87, Page 50. 
Conglomerate, Case 4X, No. 30, Page 46 ; No. 30o, Page 

288. 

Pebbles — from Coiiglomorato — Tablc^case !D, No. 144, Page 

30. 

Lower reel and mollU‘(l Sandstone^ Case 41, No. 118, 
Page 52. 

Primary, or Palseozoic. 

PEBMTAN. 

Magnesian Limestone (Zeelistein). 

Magaesiaa Limestone, CaSO 43, Nos. 21, 12o, 127, 
Pages 74, 88, 

Concretions, CasO 44, Nos. 1, 21 to 31, Pages 94, 96. 

Lower Red Sandstone, Ikc. (Rothe-todte-liegende). 

Red Sandstone, COSS 41, Nos. 80, 90, 179, Pages 49, 

50, 63. 

Conglomerate, CoSO 41, 11, 17, 37, Pages 43, 44^ 46. 
Breceiated conglomerate, Case 41, Nos. 2, o, 6, 39, 
Pages 42, 43, 45; Table«case 1>, Nos. 98, iOO,to 143, 
Pages 24 & 26 to 30. 

A A 
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Calcareous conglomerate^ Cft86 41^ Nos. 3^ 44, Pages 
42,47. 


CARBONIFEROUS ROCKS. 

Coal Measures. 

Freshwater limestone, CeS 6 43, Nos. Ill, 112, Page 

87. 

Breccia, Case 41, No. 24, Page 45. 

Conglomerate, CaSC 41, Nos, 10, 45, Pages 43, 47. 

Shale, Case 41, Nos. 146, 159, 160, Pages 56, 58. 
Altered Shale, Case 45, Nos. 53, 60, 62, Page 111. 
Alum shale, Case 41, No. 156, Page 57. 

Carbonaceous Shale, Case 41, Nos. 158, 163a, Page 58. 
Clay (over-clay) Case 41, No. 150, Page 50 ; (under- 
clay), Case 41, Nos. 141, 147 to 149, 151, Page 
56. 

Coal, Case 41, Nos. 161, 162, 162a^ 163, 165, Pages 58, 

69 . 

Anthracite Coal, Case 41, No. 164, Page 69. 

Cannel Coal, Case 41, No. 161, Page 58, Case 43, 
Nos. 149, 150, Page 91. 

Altered Coal, Case 45, Nos. 1, 2, 3, Pages 108, 104 ; 

No. 3a, Page 300. ♦ 

ron ore. Case 43, Nos. 131 to 133, 144 to 146, 152, 
153, 154 black-band, 154a, 1541), Pages 89, 91 ; also Nos. 
149, 181, Pages 299, 300 ; CaSO 44, No. 44, Page 
97 ; Case 46, Nos. 1, 2, 3, Page 122. 

„ (Curl or cone-in-cone). Case 44, Nos. 18 
to 20, Page 96. 

See also Mineral Cases in Upper Hall. 

Sandstone, Case 41, Nos. 62, 76, 166, Pages 48, 49, 
59 ; Case 45, No. 5, Page 102. 

„ (altered), Case 45, Nos. 6, 12, Pages 104, 
105. 
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G-rit, CE86 41, No. 51, Page 47. 

„ (altered), CftSe 4S, No. 54, Page 111. 
Pennant Grit, Case 41, No. 75, Page 49. 

Nodule, Case 44, No. 34, Page 97. 

Millstone Grit. 

Conglomerate, Case 41, No. 8, Page 43. 

Grit, Case 41, Nos. 52, 54, Page 47. 

Sandstone (altered) Case 45, No. 54, Page 108. 
Chert, Case 4Z, No. 29, Page 68. 


Carboniferous Limestone. 

rCase 41, No. 177, Page 64. 

Limestone J '7’ 20, 22. 

’ ] 23, 28 to 30, 32, 34, 35, 37, 38, 113, 

V- Pages 72 to 76, 87. 

Argillaceous limestone. Case 43, Nos. 115, 118, 119, 
Pages 87, 88. 

Magnesian limestone, CaSO 43, No, 1 29b, Page 89. 
Breccia, Case 41, No. 16, Page 44. 

Chert, Case 43, Nos. 19, 19a, 20, 20a, 21 to 25, 27, 
28, 30, Pages 07, 08 ; Case 46, No. 4, Page 122, 

Iron ore, Case 43, Nos. 142 to 143b, 158, Pages 91, 
92. 

Lower Carboniferous Slate ? Case 44, No 29, Page 

123. 

Carbonaceous slate, Case 43, No. 148a, Page 298. 
Yellow Sandstone, Case 41, No. 58, Page 48. 


DEVONIAN AND OLD RED SANDSTONE. 

Old Red Sandstone, Case 41, Nos. 67, 68, 70, 77, 84, 
86, 182, 186, Pages 48 to 60, 66, 60. 
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Old Red Sandstone^ Tilostone, CeS0 1^5 

Pages 50^ 61. 

Old Red Marlf CdiS6 41, Nos. 130, 131, Page 64. 

„ (altered;, C&86 45, No. 64, Page 112. 
Cornstonc, CaS6 43, Nos. 121, 122, Page 88. 

Limestone, CdiSO 43, Nos. 27, 39a, Pages 74, 204. 
Breccia, CaS6 41, No. 43, Pago 47. 

Conglomerate, CaS6 41, No. 12, Page 43. 

Iron ore, CaSO 43, Nos. 135a, 174, 175, Pages 00, 01 ; 

Nos. 142a, 142b, 142c, Page 208. 

Manganese ore, CaSO 43, No. 176, Page 03. 

Devonian Slate, CaSC 45, Nos. 7, 28, 29, 30, 47, Pages 
122, 126, 120. 

„ altered Slate, Gneiss, 8;e., CasO 45, Nos. 
H5 to 107, Pages 114 to 116. 

Silurian. 

UPPER SILURIAN. 

LUDLOW POCKS. 

Uppei’ LudU>w. 

Tilesione^ CaSO 41, Nos. 91, 93, Page 50. 

„ Case 46, No. 10, Page 123. 

Bone-bed, Case 41, No. 172, Page 63. 

Ludlow ShaliJ^ Case 41, No. 103, Page 61. 

Aymeslrxf limcstonv^ CaSG 43, No. 19, Page 74. 

Lower Lwllow. 

Fwllei s’ Eartli, Case 41, No. 142:i, I’jifre 50. 

WE^xocK Rocks. 

Wenlock and Dudley Limestone, Case 43, Xus. 1 1, 1 Jit, 
18, 18a, 24, 25, 36, Pages 78 to 76. 
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IVmhck Shaley CE86 41, No, 152, Page 56. 

„ (altered), CaS6 48, Nos. 19, 65, Pages 

106, 112. 

Nodules from Shale, CllSO 44, Nos. 45, 46, 47, Page 97. 
WooUiope lAmestoncy CaSO 43, No. 13, Page 78. 

„ „ (FullcW earth from) CaSO 41, 

No. 142b, Page 56. 


Denbighshire Sandstone. 

Denbighshire Sandstone, CaS6 41, No. 82, Page 49 ; 

Case 46, No. 8, Page 122. 

Conglomerate, Case 41, No. 33, Page 46. 

Grit, Case 41, No. 49, Page 47. 


JXANDOVEKY IJOCKS. 

Upper Llandovery Rock, or May Hill Sandstone, 

Breccia, Case 41, No. 25, Page 45. 

Brecciated conglomerate, Case 41, Nos. 34a, 35, Pages 

46, 288. 

Sandstone, Case 41, Nos. 66, 72, 81, 92, Pages 48 to 60. 
Altered Sandstone, CaSO 48, Nos. 7, 8, Pages, 106, 106. 


LOWER SILURIAN. 

Lower Llandovery Rock. 

Lower Llandovery Rock, Case 41, Nos. 176, 191, 
Pages 64, 66. 

Conglomerate, Case 41, Nos. 36, 40, 42, Pages 46, 47. 
Concretions, CaSO 44, Nos. 16, 17, Pages 93, 94. 
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Caradoc or Bala Beds. 

Caradoc Sandstone, Ca>86 41, No. 89, Page 60, 

„ „ altered, Case 4S, Nos. 11, 14, 

Page 105. 

Conglomerate altered, CaSO 45 , Nos. 16, 17, Pages 106, 
106. 

Bala Limestone, CasO 43, Nos. 2, 26, 26a, 33, 39, Pages 
74 to 76. 

Himant Limestone, CasO 48, No. 49b, Page 286. 

Bala Slates, Case 45, Nos. 38, 42, 45, 46, Pages 126. 
128, 128 ; also No. 47a, Page 800. 

„ (altered), CasO 45, No. 1 1, Page 128. 

Bala grit. Case 45, No. 27. Page 128. 

Interbedded igneous rocks, Case 4. 

Llandeilo Beds. 

Llandeilo Flags (altered), Case 45, Nos. 9, 68 to 74, 
76, Pages 106, 112, 118. 

Slate, Case 45, No. 44, Page 128. 

Graptolite Shale, Case 41, No. 167, Page 68. 
Interbedded igneous seeks. Case 4. * 

Sandstone, Case 41, No. 83, Page 48. 

Cherty Limestone, Case 43, No. 2a, Page 284. 

Lingula Beds. 

Lingula Shale, altered. Case 45, No. 66, Page 112. 
Conglomerate, Case 41, No. 41, Page 47. 

Grit, Case 41, Nos. 48, 50, Page 47. 

Iron ore. Case 43, No. 173, Page 88. 
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CAMBRIAN. 

Arenaceous shale, CaS6 41, No. 168, Page 68. 

Longmynd grits and conglomerates, C&SO 41, Nos. 20 
59, 69, 73, Pages 44 , 48 , 49 . 

Grit, altered, CaS8 41, Nos. 58, 73, Pages 47 , 49 . 

Purple and green slates, CaS6 4C, Nos. 12 to 24, 32 to 
36, 39, 43, 48 to 53, Pages 128 , 124 , 126 to 128 , 129 . 
Altered slates, grits, and conglomerates, &c. CESO 45, 
Nos. 20 to 36, 48 to 52, 81 to 84, 118, Pages 106 to 108 , 
110 , 114, 118 ; Case 46, No. 25, Page 124 . 
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